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FOREWORD 


The Antique Wireless Association takes pride in presenting this collection of 
six papers by distinguished historians of the radio art, continuing the prece- 
dent established in 1986 by Volume I of The A. W.A. Review. 


Volume II of the Review begins with the paper by Thorn Mayes, who was 
certainly the leading historian of the Antique Wireless Association. This paper 
describes the deForest radio-telephone companies, and supplements the infor- 
mation given in deForest’s autobiography. The second, by Art Goodnow, is a 
classic paper which treats in depth with the design technology and operating 
Characteristics of spark transmitters. Included are actual oscillograms 
prepared by the author showing the primary and secondary currents and the 
effects of changes in coupling. There are also descriptions of four famous 
high-power spark stations. This paper should be a prime reference on spark 
technology for many years. 


The next two deal principally with two famous manufacturers of radio 
receivers, Atwater Kent and Hammarlund. The second chapter of the Atwater 
Kent story by Ralph Williams focuses on the “wooden boxes", while the paper 
by Stuart Meyer documents the history of the Hammarlund Manufacturing 
Company and many of its classic products. Both are well illustrated and 
should serve as authoritative guides for collectors. 

Also of interest to collectors of telegraph keys is a history of the “key” from 
its beginning in 1844 until World War II, by Louise Ramsey Moreau, a well- 
known historian and collector. An extensive series of pictures is included, 

The sixth paper is the story of wireless in the Philadelphia area by one who 
was born and lived in the vicinity, Rex Matlack. Since not much has been 
previously written of the considerable activity there in the early days of 
wireless, this story helps fill that gap in radio history. 

As this issue of the Review was being sent to press, the death of Thorn 
Mayes, one of the authors in this issue, was announced. He was 84 years of 
age. As previously stated, Thorn was considered the dean of A.W.A. 
historians. He has contributed greatly to the advancement and prestige of our 
Association, He will be greatly missed. 


Sparta, N.J. Robert M. Morris 
August, 1987 
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DEFOREST RADIO TELEPHONE COMPANIES, 1907-1920 


By Thorn L. Mayes, W6AX 
Durango, CO. 


Editor's Note: Thorn Mayes was one of the most dedicated and prolific historians of the Antique 
Wireless Association. He served with the General Electric Co. as an engineer and retired 10 
Saratoga, Ca., where he assisted in the organization of the Foothill Wireless Museum at Foothill 
College in Los Altos Hills. He was the author of more than a dozen papers dealing with early 
wireless systems and the organizations and people that dealt with them. He was especially in- 
terested in recording a history of deForest and his work, and in the development of the oscillating 
arc by the Federal Company. He planned to publish a book of his collected historical papers in 
1987. 
RMM. 


INTRODUCTION 


This paper, after a brief review of deForest’s early career, covers his work 
leading to patents on the three-element vacuum tube; his experiments with 
radio telephony using an arc to generate the carrier; formation of the six radio 
telephone companies and his subsequent trial by the U.S. Government for us- 

g the mails to defraud by selling stock in those worthless companies; 
development of the audion amplifier and oscillator while employed by the 
Federal Telegraph Co. at Palo Alto, Calif., 1911-1913; and finally, after sell- 
ing the audion patents to American Telephone and Telegraph Co. for 
$140,000, his setting up manufacturing facilities for building wireless equip- 
ment, including vacuum tubes, which he built for the U.S. Government before 
and after World War I. 


I am indebted to Dr. L.F. Fuller, former chief engineer of the Federal 
Telegraph Co., for material on deForest’s development of the audion 
amplifier and oscillator while with the Federal Co. at Palo Alto, to Gerald 
‘Tyne for data on deForest’s work after returning to the east coast in 1913, and 
for other helpful suggestions in reviewing this paper, and to Lloyd 
Espenschied for materials on the deForest trials. 


EARLY DEFOREST RADIO 


Lee deForest's doctoral thesis at college was on wireless propagation, in- 
dicating an early interest in that subject. On his first job, with Western Electric 
Co., Chicago, he met Edwin Smythe, who was also interested in wireless. The 


‘This paper was presented by the author at the Annual Conference of the Antique 
Wireless Association at Canandaiqua, N.Y. on October 2, 1982. 
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two began experimental work together. 


In those days the only detector, or rectifier, for receiving wireless signals was 
the coherer, which was insensitive and erratic in operation. DeForest recogniz- 
ed that the detector was seriously limiting the range of wireless, and for years 
looked for a more efficient device. He and Smythe developed an electrolytic 
detector they called a Responder, and using it, were able to pick up signals 
from a spark coil at a distance of four miles. 


In 1902 deForest saw the electrolytic detector patented by Fessenden, con- 
sisting of a fine wire of platinum dipped into a cup of acid. Since the device 
was more sensitive than the Responder, deForest built a variation of the 
Fessenden design which he called a spade detector, and applied for a patent, 
Fessenden filed suit against deForest early in 1903, claiming the spade detector 
was an infringement of his design. 

During their studies of various detectors, deForest and Smythe noted that 
the flame of a Welsbach gas light was affected by the operation of a spark coil. 
Later they learned that the flickering was due to sound waves, but deForest for 
years thought it was due to electromagnetic waves and that hot gasses might be 
à good detector of wireless signals. 


THE COMPANIES 


In August, 1901,' deForest, Smythe and others formed the Wireless 
Telegraph Co, of America, capitalized at $3,000, The stock was distributed 
among the founders, so there was none to sell to the public and no way to 
money to continue their experiments. In February, 1902, a new company was 
formed,? the deForest Wireless Telegraph Co., incorporated under the laws of 
the State of Maine, with a capitalization to $3 million. Later that year deForest 
met Abraham White, who saw an opportunity to sell a lot of wireless company 
stock. The name of the company was changed to the American deForest 
Wireless Telegraph Co., and the capitalization was increased to $5 million. In 
1904 the capitalization was increased again, this time to $15 million, as stock 
sales had been good. 


DeForest and White formed a total of eight wireless companies, ending with 
the United Wireless Telegraph Co., capitalized at $20 million. DeForest was 
the chief engineer of American deForest from 1902 through 1906. During that 
period, in addition to owning much of the stock in the company, he was paid a 
salary which he used to support a small laboratory, and carried out ex- 
periments with various vacuum tubes in the hope of finding a better detector 
for wireless signals. 


DeForest took out a number of patents on wireless detectors which were 


reviewed by G.F.J. Tyne in his series, “Saga of the Vacuum Tube,” published 
in Radio News during 1943-1946. He said the most important were: 


No. 979,275— Applied for February 2, 1905, on a heated gas type 
detector using heat from a Bunsen burner or lamp filament en- 
closed in a partially evacuated glass bulb. 


No. 836,070— Issued November 13, 1906, covering a heated fila- 
ment in a partially evacuated glass bulb with a metallic plate. This 
was the two-element tube. 

No. 879,532—Filed January 29, 1907, issued February 18, 1908, 
which disclosed a filament heated by an external battery, a rec- 
tangular plate, and a grid between the filament and plate, all 
mounted in a partially evacuated glass enclosure. This was the grid 
audion or three-element tube patent. 


‘The deForest spade detector was being used in practically all of the stations 
of the American deForest Wireless Telegraph Co., and many of them had been 
sold to the Navy. In mid-1906, after long litigation, the courts decided that the 
deForest design was an infringement of the Fessenden design. American 
deForest was, therefore, forced to change the detectors in all of their stations. 
Fortunately Gen. H. H. Dunwoody, who had received a patent on the use of a. 
silicon crystal for a detector, was now an officer of the American deForest 
company, and his detector replaced deForest's electrolytic. 


President White held deForest responsible for the change, as well as for the 
cost of litigation. In a heated last meeting in White's office on November 28, 
1906, deForest resigned from the company and turned in his stock holdings. 
He was given a severance allowance of $1,000, plus ownership of the patents 
that had been issued on his audion detectors, plus those he had applied for, as 
White considered them worthless. The lawyer who drew up the severance 
paper charged deForest $500, which left him with $500 in cash and his patents. 


After leaving the American deForest Wireless Telegraph Co., deForest con- 
centrated on his tube experiments, and according to Tyne, in December, 
1906, assembled a tube which had a filament, plate and third element between. 
filament and plate which he called a grid. This was the three-element tube for 
which a patent application was filed in January, 1907. 


For some time deForest had been experimenting with a radio telephone, us- 
ing an arc to generate the carrier which was modulated with a microphone. 
After completing the three-element tube, his interest shifted to the radio-phone 
and by early 1907 he was able to communicate across the laboratory. 


The deForest Radio Telephone Co.* was formed in February, 1907, under 
the laws of the State of New York, for the purpose of developing, manufactur- 
ing and selling radio telephone systems and parts. The company was capitaliz- 
ed at $200,000. Directors were Samuel Darby, H.S. Mott, E.G. Sammis, 
J.V.L. Hogan and Oscar Shaw. 

This company did not provide the money needed to carry on experiments, so 
on May 15, 1907, deForest formed the Radio Telephone Co.” in the State of 
New Jersey, capitalized at $2 million. From George Clark's Radioana 5-668 
comes this quote from the prospectus of the new company:* 

“The Radio Telephone Co., capital $2 million, all common 
stock, par value $10, a New Jersey corporation. President James 
Dunlop Smith, Lee deForest Vice Pres., Samuel Darby Sec'y., 
G.T. Ivory, Treas., Patent Council G.K. Woodworth, Samuel Dar- 
by." 


Fig. 1. Lt. Weaver 
with deForest radio- 
phone transmitter 
aboard the USS 
Connecticut, flag- 
ship of the “Great 
White Fleet”, 1908. 
Photo: 

A.W.A. Museum 


James Dunlop Smith was one of the star stock salesmen of the American 
deForest Wireless Telegraph Co., so it would appear that deForest had again 
reverted to stock selling to obtain money to support his experiments. 


Amateurs, and others in the New York City area who were equipped with 
radio receivers, began hearing voices on the air and phoned in the results of 
deForest's experiments. In the spring of 1907 a radiophone was installed on 
the ferryboat Bergen, and a similar installation was made at the Hoboken ter- 
minal at 23rd Street, Manhattan. The two stations communicated satisfactori- 
ly 

Radiophone signals were picked up at the New York Navy Yard, which 
resulted in a request from the Navy to install radiophones on two Navy ships, 
the USS Virginia and the USS Connecticut. Specifications called for satisfac- 
tory communication over a distance of 10 miles, but under tests the vessels 
could carry on a conversation over a distance of 21 miles. 


Based on those test made in September, 1907, the Navy ordered 26 complete 
sets? to be installed on the main vessels of the Great White Fleet that was to 
make a good will trip around the world. The sets were built and installed on an 
emergency basis, and little time was allowed for instructing operators in their 
use. The radiophone at that time was still a laboratory instrument requiring 
special care and adjustment and was not suitable for general use. As a result, 
Capt. Howeth states that in March, 1908," Rear Admiral Evans, commander 
of the fleet, directed that all radiophone sets except that on the USS Ohio be 
dismantled, as their use interfered with regular radio communication. 


In January, 1908, deForest’s laboratory in the Parker building was 
destroyed by fire. The complete history, including tube samples showing the 
development of the audion from 1905, was lost along with records and note 
books. 


In February, 1908, deForest went to Europe to demonstrate his radio 
telephone, He had made arrangements to broadcast from Paris using an anten- 
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na strung from the Eiffle Tower. For a week he experimented using an antenna 
from the 125-foot level. He was then permitted to use, for one night, the long 
antenna that came from the top of the tower, a height of 984 feet. With this 
radiator, his broadcast was heard in Marseilles, a distance of 400 miles. 


From Paris he went to Germany, where he met Dr. George Seibt, who was 
working on development of the quenched spark gap. He discussed with Dr. 
Scibt the possibility of coming to America to continue his development and 
testing in deForest’s laboratory. 

Four radiophones were purchased for installation on Italian warships, so 
deForest went to Rome to supervise their assembly and tests. In September the 
British purchased two sets for installation on their naval vessels, so he then 
went to London to supervise that job. The New York Commercial of October 
2, 1908, tells of their satisfactory communication over a distance of 50 miles. 


Emil J, Simon came to deForest's new laboratory late in 1908, and Dr. Seibt 
came from Germany in January, 1909. The two men then concentrated on the 
quenched spark gap development used with a 500-cycle power supply. Exten- 
sive testing carried on later proved that this design appreciably increased the 
range of a given powered spark transmitter. In addition, the S00-cycle note 
carried through static much better than the lower tone of the usual rotary gap 
transmitter. According to George Clark, Dr. Seibt filed for a patent on the 
quenched gap spark system on December 7, 1909. 


‘A small shop in Newark, N.J., was leased, where amateur and Navy gear 
sold by the Radio Telephone Co. was built, 


Sales of Radio Telephone Co. stock were not good, so the directors decided 
to try the system that had worked so well to increase sales of American 
deForest Telegraph Co. stock. A number of stations were to be built along the 
shores of the Great Lakes and the Atlantic coast to show prospective 
customers that the company was in operation and to let them witness an ex- 
change of messages. 

First, the Great Lakes Radio Telephone Co." was formed in early 1908, 
capitalized at $1 million, to operate the stations and to provide stock for sale. 
‘A publicity campaign was then launched in Modern Electrics magazine. The 
August, 1908, issue carried a two-page story on the new deForest Aerophone. 
The October, 1908, issue carried a picture of a large antenna on top of a 
12-story building in New York City that would be used for development work. 
The article stated that the Radio Telephone Co. was getting ready to install a 
chain of stations all along the Atlantic coast from Eastport, Maine, to Pen- 
sacola, Florida, then west along the Gulf coast to New Orleans, Mobile and 
Galveston. 

The December, 1908, issue carried a two-page article, ‘‘Aerophony on the 
Great Lakes," which is quoted in part, as it is written like a brochure used by 
stock salesmen. 

“The use of the Aerophone upon the Great Lakes will so effective- 
ly safeguard the shipping, that we may expect it to act as a great ob- 
ject lesson in giving the necessary impetus to the completion of the 
great inland waterway system that the nation needs so much. Some 


Fig. 2. DeForest arc- 
type radiophone 
transmitter with au- 
dion control unit 
(about 1912). 
Photo: 

A.W.A. Museum 


25 long-distance stations will stand ready to carry on the great work 
when navigation begins this coming spring, including stations now 
under contract for Chicago, Toledo, Cleveland, Detroit, Benton 
Harbor, Muskegon, Bay City, Cheboygan, Manistee, Mackinaw, 
Alpena, Sault Ste. Marie, Port Huron, Ashland, Milwaukee, 
Duluth, Dunkirk, Buffalo and Erie, and we may look forward dur- 
ing the summer to the equipment of at least 100 intermediate sta- 
tions, each having a range of about 75 miles, thus enabling every 
one of the thousand or more vessels to be equipped to keep in cons- 
tant touch with the shore. The owners of several thousand 
freighters are anxiously awaiting the installation of the Aerophone, 
realizing that under the peculiar conditions governing the crowded 
commerce the Aerophone is as essential to the economy of the trade 
as the ship's hull of steel.” 

Also in that issue is an ad by the Ellsworth Company, stockbroker, which 
stated: "The Great Lakes Radio Telephone Co., using the deForest Wireless 
system, is erecting stations upon the Great Lakes, and plans to have over 100 
stations and 1,000 boats equipped by the middle of the coming summer. If you 
can invest $10 or more a month, write for full particulars.” 

Under the caption, "Wireless Banquet," Modern Electrics for April, 1909, 
carried the following story, quoted in pat 


“At a banquet given February 13th last, in the historic Fraunces 
Tavern, New York City, in honor of Dr. Lee deForest’s work in 
Aerophony, and on account of the successful financing of the 
Great Lakes Radio Telephone Co., the inventor, Dr. deForest, 
spoke of his achievements. Mr. Smith, president of the company, 
announced plans for the immediate erection of a chain of wireless 
stations along the Atlantic and Pacific coasts, as well as certain 
points in the interior. Over 100 wireless men attended the 
banquet.” 


In spite of the large number of radiophone stations that were to be built by 
the Radio Telephone Co., according to articles in Modern Electrics for 1908, 
none were listed in the call books for 1909, 15 were listed for 1910, and 14 for 
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1911. No stations belonging to the Radio Telephone Co. were listed in the 1912 
call books. '? 


AII of the stations, except the two in New York City, were equipped with 
spark transmitters. In addition, a few had short range radiophone. A total of 
11 stations were built on the shores of the Great Lakes, five on the Atlantic 
coast, and none on the Pacific coast. 


Five-kW quenched gap spark transmitters using 500-cycle alternators had 
been installed in the New York and Philadelphia stations which were 
demonstrating unusually good performance and were being watched by the 
Navy. 


George Clark, the historian, in his book The Life of John Stone Stone, on 
page 111 states that Stone, in 1908, while developing a 15-kW transmitter for 
the New York Navy Yard, had discovered the principle of the quenched gap, 
but at the time did not apply for a patent on the design. 


On page 117 he wrote that when Dr. Seibt proposed the S00-cycle quenched 
gap system, the Navy bought samples, tried them and immediately accepted 
the design. This spelled the end of the Stone Wireless Telegraph Co., as it had 
specialized in building equipment for the government and now its market for 
spark transmitters was gone. 


‘Two other companies were formed by deForest in 1909, the Atlantic Radio 
Telephone Co." to operate stations on the Atlantic coast, and the Pacific 
Radio Telephone Co. to operate west coast stations. Each was capitalized for 
$2.5 million. 

At a directors’ meeting late in 1909, President Smith announced that the 
Radio Telephone companies were bankrupt, with debts of more than $40,000 
and no cash to pay them. He also announced his resignation. After Smith left 
the meeting, several possible plans were discussed. One was to report Smith's 
raid of company treasuries to Federal officials for prosecution, Burlingame 
disagreed with that plan as it would have seriously hurt future stock sales. He 
proposed that a new company be formed from the three Radio Telephone 
companies. This plan was accepted, and on November 4, 1909, the North 
American Wireless Corporation was formed under the laws of the State of 
Maine, capitalized for $10 million, which took over the assets and operation of 
the Great Lakes, Atlantic, and Pacific Radio Telephone companies. Stock 
outstanding in those three companies was replaced with North American Stock. 


In the formation of this new company, deForest turned over his stock in the 
Radio Telephone Co. to Burlingame, thus losing clear title to his audion 
patents. This transaction would later interfere with his sale of those patents to 
the telephone company. 

Stock and bond sales were hurt by the demise of the Great Lakes, Atlantic 
and Pacific companies. Operations had to be reduced, so a number of stations 
along the Great Lakes were closed. The laboratory and the Newark plant were 
kept open, as both the Army and Navy were beginning to buy quenched-gap 
transmitters. Income from those sales, however, was small compared to in- 
come, normally, from stock sales. 
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DeForest installed a %4-kW radiophone transmitter in the Metropolitan 
Opera House, and on January 13, 1910, broadcast the performance of several 
opera stars. Unfortunately he had selected a wavelength of 850 meters for the. 
broadcast, the same wavelength used by a busy United Wireless station in New 
York. This spark station DF was operating most of the time, so little of opera 
broadcast was heard by the amateur audience because of the interference. He 
continued the transmission of voices of various opera stars, and in May the 
program was heard in the Radio Telephone Co. station XAW in Newark, N.J. 
The Signal Corps bought two quenched spark gap transmitters to be install- 
ed on U.S. Army transports, one in Seattle, one in San Fransisco. Early in 
1911 deForest went west to supervise the installation, adjustment and testing 
of the sets. Before the work was completed, he heard from the east that stock 
sales were very low. The Radio Telephone Co. went into bankruptcy March 11 
and its assets, excluding patents and stock, were sold to the Garwood Co. The 
Newark, N.J., factory and the New York City laboratory were closed and 
deForest's paychecks discontinued, so he decided to stay on the west coast. 


C.F. Elwell, then chief engineer of the Federal Telegraph Co., in the first. 
draft of his autobiography, said that Dr. deForest came to San Francisco early 
in 1911 and opened an office for the purpose of selling stock in his various 
radio telephone companies. Sales were not good, so in July he went to Elwell 
saying that he would like to work for Federal. Elwell commented that deForest. 
had invented the three-element tube five years earlier, but so far had found 
only one use for it—as a detector—and that he felt there were other things it 
could do. An amplifier was badly needed by Federal to help in receiving weak 
radio signals, so he hired deForest to head a team to concentrate on develop- 
ment of a circuit that would cause the audion to amplify. 

DeForest was hired at $300 per month and went to work in the Palo Alto 
laboratory of Federal Telegraph. Two capable men were assigned to work with 
him, C.V. Logwood and H. van Etten. Logwood was a radio amateur and a 
born experimenter; van Etten had worked for the telephone company so he 
understood the circuits they used. 

After starting work on the amplifier, deForest began the study of the pro- 
blem of increasing the rate of communication between the Federal stations in 
Los Angeles and San Francisco. 


With the arc system, the arc burns continuously, generating a radio frequen- 
cy carrier, Communication is accomplished by changing the carrier frequency 
with some device connected to the telegraph key. A common method was, 
through a relay, to short out turns in the antenna tuning inductance. As a 
result the transmitting frequency was higher than the standby frequency, or as 
it was called, the back wave. 

Operators at the Los Angeles and San Francisco stations had learned that 
under certain conditions they could communicate better if they used the lower 
standby frequency, and had switches on the operating tables for making this 
change. 

DeForest observed this phenomena, studied it and was the first to report on 
selective fading on different frequencies. He prepared a paper on this subject, 
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which he gave at one of the first meetings of the Institute of Radio Engineers.” 
Later Dr. L.F. Fuller made a detailed study of selective fading between the 
Federal stations at South San Francisco and Heeia, Hawaii." 


In March, 1912, deForest was served a warrant by two U.S. Marshals which 
stated that he, Captain Darby (his patent attorney), Smith and Burlingame, 
had been indicted by the U.S. Government for using the mails to defraud in 
the selling of worthless stock in his four radio telephone companies. Beach 
Thompson, president of Federal Telegraph Co., raised the $10,000 bail so that 
deForest could continue working. 


Elwell continued in his autobiography that in August, 1912, Logwood in- 
vited him to witness the performance of a cascade amplifier using three au- 
dions. It amplified the ticking of a watch, held in front of a microphone, so 
that it could be heard all over a large room through headphones, as there were 
no loud speakers available at that time. 

Dr. L.F. Fuller said that when he came with Federal in September, 1912, the 
amplifier circuits were completed. Several amplifiers were built by Federal for 
test in the South San Francisco station. Performance was not dependable, for 
sometimes they amplified, sometimes they did not, 


Fuller had come from the National Electric Signaling Co. where he had been 
been working on the development of a small arc generator for supplying the 
carrier for Fessenden's heterodyne receiver. He said the operation of these 
small arcs was erratic, and that if the audion could be made to oscillate it 
should be a much more satisfactory source of signal, DeForest, van Etten and 
Logwood immediately began work on developing an oscillator circuit. 

Later that year, Elwell took the amplifier with him to Washington where he 
demonstrated it to Dr. Louis Cohen, a radio expert with the U.S. Navy, who 
was so impressed with its performance that he took it to the Burcau of Stan- 
dards where test showed an amplification of 120 times. 


DeForest knew that the telephone company had been trying to build an 
amplifier for their long lines. Based upon the Bureau of Standards tests, he 
decided to take it to Western Electric for a demonstration. John Stone Stone, a 
friend of deForest's and then a consulting engineer in New York City, had 
been a former telephone company employee. He arranged for a demonstration 
which deForest gave on October 30 and 31, 1912." Dr. Arnold, a high vacuum 
specialist for the telephone company, who was working on the problem of 
developing a suitable amplifier, was not present at the deForest demonstra- 
tion. He did witness the amplifier’s performance the next day, however, when 
Paul H. Pierce, an assistant, operated the equipment. 


W.R. Ballard, patent attorney for the telephone company, writing in the 
Bell Laboratories Record for July, 1931 made these comments on the tests: 


“The performance of the tube was far short of what, they knew, 
‘would be necessary for practical telephone repeater operation. Any 
attempt to handle loads comparable to those in commercial 
telephone circuits resulted in choking, blue glow and unintelligible 
reproduction. Nevertheless, they were greatly impressed with the 
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performance of the audion when the power levels were kept low 
and the variations in voice currents were small." 


He continued that Dr. Arnold felt the tube's performance could be greatly 
improved by pumping to a higher vacuum. Arnold immediately started con- 
struc and testing tubes pumped to higher vacuum, and by late spring of 
1913 was sure that satisfactory repeater tubes could be produced. 

According to Lubell, deForest had given Stone a six-month option to sell pa- 
tent rights for the use of the audion as a repeater to the telephone company for 
$100,000. He had expected to hear from the telephone company in a short 
time, but when he had not heard by January, 1913, he returned to California 
to his job with Federal. 


DeForest had taken a second amplifier to New York, and had interested the 
officers of the American Telegraphone Co. in exploring the possibility of 
recording sound on a wire that was synchronized with the taking of motion 
pictures. In April, 1913, that company advised him that they had enough 
money to start experiments, so he quit his job with Federal and returned to 
New York City, taking Logwood with him. His wire recordings were so poor 
that American Telegraphone soon lost interest, and deForest was again out of 
a job. 


Meanwhile, the telephone company, after determining that a successful 
repeater could be made, investigated deForest’s patents and found that he did 
not have a clear title. In giving title of his Radio Telephone Co. stock to Burl- 
ingame in the formation of the North American Wireless Corporation, he had 
lost control of the patent, The telephone company hired an outside lawyer to 
try to straighten out the situation. This job was turned over to Sidney Meyers, 
who after four months’ work was able to get all those involved to sign papers 
agreeing to sell the telephone repeater patent rights for $50,000. In July, 1913, 
the telephone company acquired the audion patent rights for repeater service 
for $50,000. DeForest was later able to get a clear title to his patents, but only 
after considerable difficulty with former officers of his companies. 

Using part of this money, deForest re-established his New York City 
laboratory, and with Logwood's help, began making RJ-4 audion detectors 
for sale to amateurs, and ultraudion regenerative detectors for the Navy. 

In March, 1912, deForest had been served an indictment by the U.S. 
Government on four counts of using the mails to defraud in selling worthless 
stocks and bonds in his wireless telephone companies. On October 14, 1912, he 
pleaded not guilty. 

‘On December 1, 1913, the trial of deForest, Capt. Darby, James D. Smith, 
former president of Radio Telephone Co., and Elmer Burlingame, his assist- 
ant, began in the Federal District Court, New York City. 

It was brought out at the trial that from January 5 to July 6, 1909, stock 
sales in the various radio telephone companies amounted to $844,000. 

On December 10, evidence was submitted by government witnesses that of 
$1,507,505 in stock sales of the companies, only $346,000 went into the 
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Fig. 3. Lee deForest and 
wife Maria display one 
of the earliest audions to 
Alan B. DuMont (about 
1952). 
Photo: 

A.W.A. Museum 


treasuries of those companies, with $1,162,000 going to agents and promoters. 


Dividends on Radio Telephone Co. stock were paid from money received 
from the sale of other stock. 


The companies did not build the stations they promised in their adver- 
tisements, they had not set up substantial operating companies as promised, 
and the whole scheme was onc of selling worthless stock to the publi 

The Radio Telephone Co. and the North American Wireless Corp., which 
had been formed from the Great Lakes, Atlantic and Pacific Radio Telephone. 
companies, had a total capitalization of $12 million. Their only asset was 
ownership of the patents on the deForest audion detector, which at that time 
were worth little. 

On December 30 the case went to the jury. After deliberating until 1:00 the 
following morning, they returned with the following verdict:z: 


Smith and Burlingame— Guilty on counts 1 and 4, disagree on 
counts 2 and 3. 
Darby and deForest—Not guilty on counts 1, 2 and 3, disagree- 
ment on count 4. 
On January 7, 1914, Judge Hunt gave the following sentences: 
Burlingame—Two and one-half years in prison, fine of 
$10,000. 
‘Smith—One and one-half years in prison, fine of $5,001. 
Darby and deForest— nolle prosequi, meaning no more pro- 
secution. 
Lloyd Espenschied attended many of the sessions of the trials and made 
these comments 
“The Prosecuting Assistant District Attorney Stevenson was 
noticeably easier on deForest and his patent attorney, Darby, than 
upon the other two defendants. This resulted from recognition that 
deForest had been a rather noteworthy inventor, a fact brought 
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home to Stevenson by a petition gotten up by members of the 
less Institute headed by Robert Marriott. 
“But the extent to which deForest had been infringing other peo- 
ple's patents, notably Fessenden's electrolytic detector, the 
Telefunken quenched gap and the Poulsen arc, was not brought out. 
in the trial.” 
Ina letter to Jerry Tyne, dated February 10, 1964, Lloyd Espenschied stated 
that he found two old newspaper clippings—that looked like the New York 
Herald —dealing with the deForest trials. 


March 7, 1911 

“WIRELESS CO. IN LAW'S GRIP 

“Sheriff Seizes for Auction All Tangible Assets of the Radio 
Telephone Co. 

“The Radio Telephone Co. wound up in the Sheriff's hands 
yesterday. The company was launched in May, 1907 during the 
height of the wireless telegraph excitement, as a two-million-dollar 
corporation, to exploit Lee deForest’s wireless telephone. It was in- 
volved in patent litigation, which went against it both in this coun- 
try and England. 

“The company’s furniture and apparatus, which are now in 
storage, will be sold on Friday at a Sheriff's sale to satisfy the 
$1,286 claim of Col. Samuel E. Darby, once the company's coun- 
cil, and Louis Duncan's $949 claim. Deputy Sheriff McDonnell 
found the company's furniture and apparatus, the only tangible 
things which remain of it, in a warehouse.” 


Friday, March 10, 1911 
“NORTH AMERICAN WIRELESS CORPORATION” 
“Deputy Sheriff Katz has received two executions against the 
North American Wireless Corporation of Madison Avenue in favor 
of Joseph M. Chapman for $1,027 and Samuel E. Darby for $803. 
He levied upon 578,315 shares of stock of various companies of par 
value of $5,783,150, and was to have sold the right, title and in- 
terest of the company in these shares yesterday, but the sale was ad- 
journed for two weeks. The stocks are: Radio Telephone Co. 
110,173 shares; Atlantic Radio Telephone Co., 17,651; Pacific 
Radio Telephone Co., 7,019; Great Lakes Radio Telephone Co., 
11,001; and North American Wireless Corporation, 425,000 
shares.’ 
This trial, with the failure of his radio telephone companies, marks the end 
of deForest’s long association with wireless and radio communication com- 
- His radio operations from here on were limited to developing, 
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manufacturing and selling radio equipment, with no more sales of bogus 
stock. 

Initially the Telephone Co. had purchased the rights to use the audion as a 
repeater tube, but in October, 1914 for the sum of $90,000? they purchased 
additional rights. With this money, deForest enlarged his manufacturing 
facilities at High Bridge, including the installation of glass blowing equipment 
and high-vacuum pumps. Up to this time all audion tubes for sale had been 
manufactured by McCandless in New York City, but now deForest could pro- 
duce his own tubes and McCandless had gone out of business. 

DeForest, while on trial in December, 1913, formed the Radio Telephone 
and Telegraph Co. under the laws of the State of Delaware,» capitalized for $3 
million. This company was formed from the old Radio Telephone Co. of 1907 
that had gone bankrupt in 1911. On January 4, 1914 the name was changed to 
the deForest Radio Telephone & Telegraph Co., but many of the RJ-4 audion 
detectors produced after that time carried the old nameplates, the Radio 
Telephone Co., as he was using up old stock. 


With these new facilities, he developed, manufactured and sold an expanded 
line of receiving and power tubes, and also a complete line of amateur receiv- 
ing equipment. Before and during World War I he built radio gear and tubes 
for the U.S. Government. 


Soon after the war deForest became interested in perfecting sound on film 
for the movie industry. 

Thus ended his long career with radio, for he sold his interest in the deForest 
Radio Telephone and Telegraph Co. and moved to Southern California to 
work on this new project. 
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is left but an improfitable tale...” 


Polybius 


1. INTRODUCTION 


Possibly no other branch of scientific endeavor has been as poorly served by 
well-intentioned historians as has the development of the spark mode of radio 
communication, from its inception (say with Marconi's experimental trans- 
missions across the Bristol Channel in 1897), through its culmination during 
the years of the first World War with many high-power longwave spark 
transmitters in routine transoceanic service, and to its gradual decadence a few 
years later as various means of continuous wave generation in turn took the 
lead. The chronology of this era is familiar enough. Yet most accounts, 
perhaps in deference to the thinking of those who prefer to dispense with 
thinking, avoid all but the sketchiest reference to the engineering advances 
responsible for the effectiveness of the ultimate forms of the spark transmitter. 
As a consequence, the impression is regrettably prevalent that spark systems 
even in their fully developed state embodied merely a crude application of 
brute-force technology. 
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Thus has been lost a deserved appreciation, of the sort spontaneously 
‘engendered when one observes the working of a finely crafted chronometer; 
for the working of a properly operating spark transmitter similarly depended 
on a critically interrelated sequence of events which took place in its radio and 
audio-frequency circuit branches, with their successful coordination hinging 
on the vital and particularly exacting functioning of the gap. In the following 
pages, spark engineering will be briefly reviewed in simple terms, to outline the 
many developments which not only successfully launched a new means of 
communication, but also firmly set in place the substructure on which present- 
day technologies are based. 


A. The Spark Transmitter 


The circuit of the “oscillation generator” used without significant modifica- 
tion in all spark transmitters is shown in Figure 1; it is nothing more than a 
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spark gap in series with a resonant circuit, in which, if the condenser is charged 
toa voltage sufficient to break down the gap, an oscillatory current then flows 
with gradually decreasing amplitude.* The gap discharge ends when virtually 
all of the energy has been dissipated in the resistance of the circuit, including 
the coupled-in resistance representing the antenna radiation resistance when 
the circuit is employed in a transmitter. The decay in amplitude of the oscilla- 
tions associated with the spark discharge was referred to as the “damping, 
term already in use in connection with the analogous decay in the swinging of a 
pendulum. 


Figure 2 shows a simplified diagram of a complete spark transmitter, in 
which the oscillation generator of Figure 1 has been coupled on the one side to 
an antenna circuit tuned to resonance with the oscillation generator so that the 
desired useful radiation of energy may take place, and on the other side has 
been connected to an alternator and high-voltage transformer to provide a 
means of recharging the condenser after its discharge, so that a rapid sequence 
of sparks may be obtained. The radiated wave thus consisted of a series of 


* The behavior of this circuit, which remained for years the only practical source of 
‘oscillations at the high power levels and frequencies required for radio transmission, 
had long been familiar in the analysis made—out of pure philosophical curiosity con- 
‘cerning the nature of the discharge of a Leyden jar—by Prof. William Thomson (later 
Lord Kelvin) of the University of Glasgow in 1883." His equations still grace the pages 
of modern text books. 
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Fig. 2. Simplified diagram, spark transmitter. 


damped pulses or wave trains occurring at an audio rate, which was suitable 
for keying as a signalling means. 

The oscillation generator or primary circuit, together with the antenna or 
secondary circuit, comprised the radio-frequency portion of the transmitter. 
The audio-frequency section included not only the alternator, audio choke, 
and high-voltage transformer, but also the spark condenser, for the latter was 
clearly a part of the audio-frequency circuit while it was being 
charged. Its AF as well as its RF function therefore had to be taken into ac- 
count in specifying the condenser for a particular application. 


B. Radio-Frequency Circuit 


In the design of the radio-frequency circuit, a principal aim was to restrict to 
a satisfactory degree the bandwidth occupied by the emitted wave; or, in spark 
terminology, to radiate a narrow rather than a broad wave. More specifically, 
this was spoken of as maintaining the “‘decrement”” of the wave below a cer- 
tain maximum specified by law, and by good engineering practice as well. The 
decrement—a measure of the rapidity of damping of the wave—is again a term 
borrowed from the previous technology of precision pendulum design. The 
decrement is simply the negative value of the natural logarithm of the ratio of 
the amplitude of any oscillation to the amplitude of the preceding cycle.* 

Although the concept of decrement seemed naturally appropriate in dealing 
with damped-wave phenomena, a clarification for those more accustomed to 
modern terminology is readily available in the relationship of the decrement of 
a circuit to its figure of merit, or Q. This is, to a very close approximation, 


or the inverse, Q = F - 


* For example, if the decrement d = 0.033, a typical value? (although the maximum per- 
‘mitted for U.S. spark transmissions by the Radio Act of 1912 was 0.2), the amplitude 
of any one oscillation is antiln (0.033) = 0.97 times the value onc cycle earlier. 


24 


(During the 30's, as spark technology became of vanishing commercial impor- 
tance, the term "'decrement"" was gradually supplanted by its inverse counter- 
part *Q;" many circuit equations were thereby simplified through the 
resulting elimination of the factor 7 .) 

Now it is well known that a low-Q (high decrement) circuit has a broad 
response when driven or excited at frequencies on either side of the resonant. 
frequency; and that this effect is attributable to the relatively high ratio of 
resistance to reactance of the circuit. Directly related to this property is its con- 
verse: the high resistance of such a circuit results in rapid damping when it is 
used as an oscillation generator, and the individual frequency components of 
the generated wave occupy a broad spectrum centered about the resonant fre- 
quency. 


After development of the high-efficiency mode of transmitter operation to 
be described in the following paragraphs, the decrement of the radiated wave 
was determined almost entirely by the antenna characteristics; and through a 
Parallel opening up of a better understanding of radio wave propagation, the 
antenna systems in use by the time applications of radio telegraphy began to 
burgeon inherently had low decrements. This came about as a result of 
Marconi's discovery in 1905, during the course of tests between Gibraltar and 
HMS Duncan, that the attenuation of radio waves over long distance paths 
decreases dramatically as the wavelength is increased. (Previously, aside from 
the predictable effect of higher power levels, the steadily increasing distances 
achieved in successive endeavors had been attributed only to the larger sizes of 
antennas used, while the correspondingly increased wavelengths had been 
regarded as merely incidental; no deliberate measures had been taken to raise 
the wavelengths much above the natural wavelengths of the antennas.“ ') So 
preponderant is this effect that at the optimum wavelengths thenceforth 
chosen for the various services,* the antennas (whose size was limited by 
economic and mechanical considerations, or by space restrictions in the case of 
shipboard stations) required loading by series coils to wavelengths much 
longer than their natural wavelengths as quarter-wave radiators. As a conse- 
quence, their radiation resistance was very low,** and their reactance high; 
these are the characteristic properties of a high-Q or low-decrement circuit, 

In the earliest experimental transmissions, the radio-frequency circuit was 
not that of Figure 2, but merely a direct adaptation of the circuit of Figure 1, 
with the capacity and inductance of the antenna itself as the only tuned-circuit 
elements, the gap being placed between the antenna lead and the ground con- 
nection, Among the disadvantages of this simple arrangement were the con- 


* A rule-of-thumb evolving from further experience was that to provide uninterrupted 
service day and night, the wavelength should be not less than one five-hundredth the 
distance to be spanned. (The entirely different propagation characteristics of sky-wave 
transmission in the region below 200 meters of course lay unrecognized until many 
years later.) 


** The loss resistance principally occurring in the ground connection—also had to be 
maintained at a low value, for reasons of efficiency as well as low decrement. 
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straint on the choice of the capacity value, an increase in the antenna decre- 
ment caused by the gap resistance, and the presence of dangerous low- 
frequency voltages on the antenna. To avoid these and other shortcomings, 
coupled circuits as in Figure 2 were introduced and patented by Braun in Ger- 
many in 1898,? and by Marconi in England in 1900.* (Subsequently, the scope 
and priority of these patents were the subject of much dissension.) 

Braun had not originated an entirely new concept, but rather, a new appli 
tion for coupled circuits: their use in a radio transmitter. In 1892, coupled ci 
cuits had become of interest following demonstrations by Nicola Tesla of a 
spark-energized “oscillation transformer” having a tuned primary and a self- 
resonant secondary coil which developed enormous voltages, accompanied by 
spectacular radio-frequency discharges several feet in length, Although no 
practical use was in sight at that time, a number of investigators undertook 
studies of the circuit performance. Among these, A. Oberbeck published a 
comprehensive analysis? in 1895 clearly setting forth the properties pertinent to 
the use of coupled circuits in a spark transmitter. 


During any individual spark discharge, the circuits constitute an isolated 
system, in the sense that all the energy available is that which has previously 
been stored in the primary condenser. Under these circumstances—with the 
circuits “on their own," so to speak—not only does the flow of primary cur- 
rent induce a current in the secondary, but also, no matter how light the coupling, 
all of the energy remaining after circuit losses is transferred to the secondary. 
At this point, the primary current has been reduced to zero. But provided that 
the gap is still conductive (and a plain gap does so remain, because of momen- 
tarily lingering ionization between the electrodes), a return flow of energy 
from secondary to primary promptly ensues, thus maintaining the spark. 
Similar alternating energy exchanges recur throughout the duration of the 
wave train. The length of time for a single complete transfer of energy, and 
hence the number of oscillations per “beat” in the primary and secondary cur- 
rents, decreases with increasing coupling between the circuits. 


Figures 3 and 4 are oscillograms of the currents in primary and secondary 
circuits, each resonated at $00 kHz, with two practical values of coupling coef- 
ficient k of 0.02 and 0.125 respectively, which portray the phenomenon 
described above.* Oberbeck showed that the current wave in each circuit is the 
resultant of two components of differing frequencies, later on called the 
“coupling waves.” (Just as the band width of the damped oscillations of a 
single circuit is related to its broadness of response in the driven case, so the 
production of the coupling waves bears a relation to the double-peaked 
response of two tuned circuits in the driven case, when coupled beyond critical 


* The oxcillograms were obtained with a circuit in which a DC source was used and a 
solid-state switch simulated the gap in controlling the primary condenser charge and 
discharge. By this means, identical repetitive scope traces were produced, favoring 
photographic recording. Because of random small variations in successive sparking 
voltages, a clean-trace recording of the currents in an actual transmitter is not ob- 
tainable using conventional CRO techniques. 
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coupling.) The frequencies of the coupling waves, as functions of k and the 
resonant frequency f, of the circuits as tuned individually, are. 
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Fig. 3. Primary and secondary cur- 
rents with light coupling. 
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(Oberbeck's equations (12), expressed in terms of the half-periods and a 
parameter in which the mutual inductance is a factor, are readily reducible to 
the more familiar form above.) By application of these relations, it is found 
that a transmitter operating as in Figure 3 would radiate two waves, at 495 and 
505 kHz; and if as in Figure 4, at 471 and 535 kHz. With each of these waves is 
associated the damping factor, so that it consists not of a single discrete fre- 
quency but a spread of frequencies of diminishing amplitude (sideband com- 
ponents, in modern parlance) grouped about the indicated frequency as 
center, as in the case of the single damped wave generated by a single circuit 
discussed on page 25. 

Because of this spread, the region between the two waves at 495 and 505 kHz 
of a transmitter adjusted for the conditions of Figure 3 is well filled in, and ina 
receiver of limited selectivity the radiated signal would be perceived as a single 
wave centered around 500 kHz. Transmitter performance with this typical ad- 
justment was therefore considered acceptable from the standpoint of meeting 
requirements for “purity of wave;" the efficiency attainable, however, was 
low because the prolonged primary current developed substantial losses in the 
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primary circuit and gap.* 

A transmitter adjustment corresponding to the conditions of Figure 4, 
although it results in a higher value of secondary current, was unacceptal 
the widely separated coupling waves in the radiated signal would cause in- 
terference to other transmissions within as well as outside of the interval be- 
tween the coupling waves, besides requiring an impracticable matching 
receiver adjustment for maximum receiver response. The relatively inefficient 
operation corresponding to Figure 3, therefore, was representative of op- 
timum performance at the outset. 


‘The great advance which made possible full exploitation of the latent 
capabilities of the coupled-circuit arrangement took place in 1906, when Max 
Wien discovered the principle of ““quenched-spark’” operation, and a means of 
accomplishing it." In this mode, the gap employed must be capable of com- 
pletely suppressing, or quenching, further sparking after the instant of occur- 
rence of the first null of the primary current envelope, as shown in Figure 5, 
and of remaining thus open-circuited until it initiates the next spark after the 
condenser has been recharged by the power source. This is the first and great 
requirement of an ideal gap: 


That it be capable of quenching the spark after a very brief 
discharge interval, not in excess of the duration time of a very few 
radio-frequency current cycles. 


With this accomplished, primary circuit and gap losses are sharply curtailed 
because of the short duration of the primary current; moreover, the secondary 
or antenna circuit is left free to oscillate with the single wave determined by its 
own frequency and damping characteristics. The coupling waves virtually 
disappear, for they arise only during the brief period while the primary circuit. 
is operative, 


C. Audio-Frequency Circuit 


The purpose of the audio-frequency circuit is to charge the spark condenser 
repetitively to that voltage which, at the specified spark frequency, is sufficient 
to transfer a desired amount of power from the AF to the RF section. The 
spark condenser thus acts as a transfer device for accumulating energy from 
the spark transformer and discharging it in the oscillation generator. But in 
enabling the condenser to shift smoothly from the one to the other of these 
disparate functions, certain unusual circuit requirements come into play. 


* If the coupling is further reduced to the critical valve k = Va, 8; / T (or 
k= 1/" VO; (G). the coupling waves draw loser together, the sideband components 
completely fil the imeral, and the wave is single-peaked and practically in- 
distinguishable from a single wave; but there is also an aggravated reduction in second- 
ary current and antenna power. 
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Fig. 5. Currents with close coupling, 
primary oscillations quenched. 


For example, an apparent flaw in the circuit as shown in Figure 2 is that the 
spark gap is connected directly across the transformer secondary; the gap, 
while conducting, thus virtually short-circuits the transformer.* It is probable 
that when use of transformers was contemplated for higher power levels than 
the few hundred watts possible with spark coils, the audio choke was first 
regarded as merely a means of limiting the transformer short-circuit current to 
a safe value,** 


In the mode of audio-frequency circuit operation ultimately evolved as op- 
timum, however, advantage was taken of low-frequency resonance relations 
that can be established in the circuit, which result in favorably loading the 
alternator during the spark condenser charging, as well as avoiding any 
deleterious effect of the gap discharge. This development can best be described 
with the aid of the equivalent circuit of Figure 7, derived from the actual ci 
cuit of Figure 6 by the familiar transformation of the circuit elements on the 
secondary side of the spark transformer to their equivalent values on the 
primary side.*** The transformed value of the spark condenser is the only 
secondary circuit quantity of consequence,**** for that of the inductance of 
the oscillation transformer primary becomes minuscule. L represents the total 


* A modification of the circuit was sometimes used, in which the transformer was con- 
nected across the spark condenser. In this case also, however, the gap on discharging 
still short-circuited the transformer through the small inductance of the oscillation 
transformer primary, which was practically negligible at audio frequencies. This con- 
nection had the disadvantage thatthe transformer was subjected during the oscillatory 
discharge to the full RF voltage across the condenser, rather than the small voltage 
across the gap while conducting. 

** In some cases, open-core transformers (or transformers with magnetic shunts) which, 
like spark coils, have high leakage reactance, were used to provide the desired 
equivalent series inductance without adding a series coil 

*'* The equivalent circuit as shown neglects the exciting current of the transformer, which, 

however, makes only a small contribution to the total current. 

In the typical case of a 2-kW input S00-Hz Telefunken shipboard set, having a22010 

‘8000-volt transformer and a spark condenser of 0.027 AFF, the equivalent primary con- 

denser becomes 35.7 aF. 
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Trans. Primary 


Fig. 6. Simplified diagram, audio frequency circuit 


equivalent circuit inductance, including the spark transformer leakage induc- 
tance and the internal inductance of the alternator. The loss resistance of all 
circuit elements is represented by R. 


When the inductance L is chosen to resonate the circuit at the alternator fre- 
quency, the current after the steady-state condition is reached would be limited 
only by the resistance R, and the voltage developed across the condenser would 
become Q times the alternator generated emf, as in any tuned circuit. The 
steady-state condition is not reached immediately, however, but gradually 
builds up over several cycles in the manner shown in Figure 8.'? This figure 
follows the growth in condenser voltage and current over only the first two AF 
cycles, after an initial condition wherein the condenser voltage is assumed to 
have been brought to zero by some means at a time when the generated emf is 
passing through zero. Inspection of the curves suggests the classically simple 
way in which the behavior of the circuit was adapted to optimum gap opera- 
tion. At the completion of any half cycle of the generated emf, 


(a) the condenser voltage is at a peak value, suitable for 
sparking; 

(b) a gap discharge at this instant would result in virtually 
no audio-frequency current flow through the gap, since 
the current is passing through zero; and 

(©) the proviso above, leading to this set of conditions (that 
at a time when the generated emf is passing through zero 
the condenser voltage also be “brought to zero by some 
means”) is handily fulfilled by the gap discharge itself 
when the circuit is in operation, 


In many early “resonant transformer" applications, the gap spacing was 
chosen wide enough to permit sparking only after several low-frequency alter- 
nations had occurred, to take advantage of the steadily increasing voltage 
developed in this way by a relatively low-voltage transformer.* This was not 
an unalloyed advantage, for the spark frequency was thereby lowered, and the 
transformer had to be insulated for the higher voltage in any event, By about 


* A typical application is described on page 61 
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Fig. 7. Equivalent circuit, 
audio frequency section. 


Fig. 8. Resonant growth of 
condenser voltage. 
(After Morecroft!?) 


1908 to 1910, as the desirability of a higher spark tone for reception was 
recognized, it was becoming almost universal practice to choose alternator fre- 
quencies between about 150 and 500 Hz with the spark occurring at the first 
resonant voltage peak, yielding one spark per alternation of the power supply; 
the corresponding spark frequencies ranged from 300 to 1000 Hz. 


This mode of operation is depicted in terms of the equivalent circuit in 
Figure 9, which is adapted freom L.B. Turner's treatment? to show the 
development of two successive sparks. The peak condenser voltage is times 
the peak alternator emf; in the actual circuit, this value is multiplied by the 
transformer ratio, At the moment of the gap discharge, which is assumed to be 
of very short duration with respect to the alternator period, the value (zero) of 
the audio-frequency current is not altered, but only its rate of change as in- 
dicated by the slope of the curve. After the spark, the charging current resumes 
its growth smoothly from zero, in preparation for the next spark. Again in the 
actual circuit, the drop to zero voltage imposed on the transformer secondary 
by the discharge is simply transformed to a drop to zero voltage at the 
primary, and the transformer and gap are subjected to no abuse. 


In practice, the concept of low-frequency circuit operation at resonance re- 
quired some modification, to cope with two departures of actual gaps from the 
idealized characteristics assumed above. First, particularly in the case of rotary 
gaps, the gap-conduction interval is not in fact negligibly short with respect to 
the audio-frequency period: and second, particularly in the case of quenched 
gaps, uniform spark occurrence at the peak of the condenser voltage curve 
cannot be assured, because of small differences in gap breakdown voltage 
from spark to spark. Both of these considerations are taken into account in a 
modified mode of operation in which the low-frequency circuit is tuned to a 
frequency 15 or 20% below that of the alternator, with the spark 
being initiated at a point where the condenser voltage is still approaching a 
peak value, and terminated at the point where the low-frequency current 
passes through zero. This modification is discussed more fully on page 36, in 
connection with its application in a standard type of transmitter. 
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Fig. 9. Resonant condenser 
charging, one spark per alterna- 
tion. Circuit constants as in 
Fig. 8. 


(After Turner!) 


The technique employed in arranging for the circuit to operate as described 
is strikingly different from that usually encountered in power-frequency ap- 
plications. In most power-frequency work, the steady state is the important 
thing, and transient effects either are of little significance, or are to be regard- 
ed only as a source of troublesome surge currents and voltages. But in the low- 
frequency circuit of the spark transmitter, the steady state was never attained, 
and the transient condition, regularly recurring, was the vital element in its 
operation. Prof. John H. Morecroft once observed" that in his classroom he 
called the phenomenon a "steady state of transients,” a seemingly self- 
contradictory expression which nevertheless was aptly descriptive of the 
distinctive functioning of this circui 


D. Summary of Gap Requirements 


The requirements imposed on the gap in initiating and controlling the 
critically timed events in the AF and RF sections, as brought out in the forego- 
ing review, may be summarized in chronological order of the gap functions as 
follows: 


(a) It must repeatedly begin its discharge at a specified 
Point of an audio-frequency wave from the spark 
transformer, typically at a sparking frequency of 1000 
sparks per second. 

(b) The gap resistance must be low during the discharge, to 

(©) The gap must quench further sparking after a very brief 
discharge period, ideally within the time required for 
only 4 or $ radio-frequency current cycles to take place. 
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The development of devices capable of a satisfactory degree of compliance 
with these requirements was pursued principally along two lines: the use of 
rapidly moving electrodes, as in the rotary gap; and the use of a number of 
wide-area closely spaced gaps in series, as in the quenched gap. Since both 
types can comply with the first requirement, when so used they are often re- 
ferred to as the "synchronous rotary” and "'synchronous quenched” gaps.* 


The second requirement is adequately satisfied by practically all gaps. The 
resistance, though not constant (heavier currents bring about increased ioniza- 
tion, which lowers the resistance), is generally a few hundredths of an ohm, '* 
increasing to about 1 ohm for currents diminishing as in Figure 3. 


The third requirement is by far the most stringent, particularly at the short. 
wavelengths** used in the maritime and amateur services, where each spark 
ideally would be quenched after a conduction interval of a very few 
microseconds, 


II. THE ROTARY GAP 


‘The first application of the rotary gap appears to have been made by 
Fessenden, who in 1905 constructed two stations operating at a power level of 
about 10 kW, one at Brant Rock, Massachusetts, and the other at 
Machrihanish, Scotland. ^ The transmitters were equipped with synchronous 
rotary gaps operating at 250 sparks per second. Although messages were suc- 
cessfully exchanged between these stations in January, 1906, the link was ef- 
fective only occasionally (largely because of insufficient power), and further 
developments were abandoned after a storm carried away the Machrihanish 
antenna later in the year 


The first Marconi “high speed rotary discharger of the studded disc 
type"*** was installed “in or about 1907” at station MPD, Poldhu, Corn- 
wall." This gap well typified the form of construction employed in many large 


* The non-synchronous rotary gap was used in a compromise mode wherein several 
sparks per alternation of the power source occur, rather than only one. Is chief merit 
‘was that a high audio-frequency spark rate was produced without the expense of an 
audio-frequency alternator supply. Because the low-frequency circuit operated with 
uncontrollable irregularity, however, its functioning was far from optimum; also, the. 
tone was not pure since it was modulated by twice the frequency of the power source, 
commonly 50 to 60 Hz. This gap was used extensively by amateurs. 


** The term "short wavelength" is here used inthe sense of its usage during the spark. 
embracing the region say from 200 to 1000 meters; in the modern classification, this in- 
terval falls in the medium-wave bracket. 


*** Not to be confused with the Fleming “slow speed rotating disc discharger'”* used in 
the first message exchanges between Poldhu and Cape Cod in 1903. The 1903 
discharger was in effect a fixed gap, consisting of two large cast-iron wheels mounted 
side by side; the spark took place between their rounded edges. The wheels were 
rotated slowly to present fresh cool surfaces for the spark, preventing excessive wear. 
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Fig. 10. Marconi transmitter, Poldhu. 
Photo: Marconi Communications Systems, Lid. 


gap assemblies. It was originally installed with a separate motor drive, and 
operated non-synchronously in conjunction with the 75-kW, 25-Hz alternator 
already in use at the station. Somewhat later the station facilities were improv. 

ed by the installation of 75-kW, 200-Hz alternator arranged to drive the gap 
directly through an insulated shaft coupling; by this means a synchronous 
400-Hz spark rate was obtained. There were 10 sparking studs on the gap 
rotor, corresponding to the 10-pole field of the alternator; the speed of rota- 
tion was 2400 rpm 


Figure 10 is a view of the Poldhu transmitter, showing the centrally located 
rotary gap, with the oscillation transformer directly above, the antenna 
loading coil to the right, and the banks of oil-immersed spark condensers at 
floor level on either side. To muffle the deafening sound of its discharge, the 
gap was enclosed in a separate chamber, the door of which was removed to 
permit the gap to be photographed. Features to be discerned in the gap 
assembly are the radial rotating studs, the insulated worm drives by which the 
disc-shaped fixed electrodes (placed at right angles to the plane of the main 
rotor) were rotated slowly to aid in cooling, the multi-conductor brush 
assemblies contacting these electrodes, and the mechanism for rocking the 
fixed-electrode yoke through an angle somewhat exceeding one alternator pole 
spacing. By the latter adjustment, the electrodes could be arranged to come in- 
to alignment for sparking at the desired phase angle of the generated emf 


Figure 11 is another view of the gap alone, photographed in the brilliant 
glare of its own discharge on the night of 4 August, 1914, while broadcasting 
to shipping the news of Britain’s declaration of war on Germany. Aside from 
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Fig. 11. Marconi rotary gap, Poldhu. Fig. 12 American Marconi 
Photo: Marconi Communications Systems, Ltd. type P-8 transmitter, SS 
Montgomery City/KDJZ. 

Photo: A.C. Goodnow 


the historical interest of this photo, it also reveals a later modification of the 
fixed-electrode yoke assembly, which provided handwheels for more conven- 
ient adjustment of the clearance between the fixed and rotating electrodes, 
and heavier multiple conductors and brushes for contacting the revolving fixed 
electrodes.* 

It is clear from the description of the Poldhu discharger that a rotary gap 
was very well suited to fulfilling the first two gap requirements, Timing of its 
discharge with respect to the alternator emf wave was reliably assured through 
the mechanical arrangement whereby the instant of alignment of its suitably 
shaped electrodes was related to the angular position of the generator rotor at 
the same instant. The duration of the discharge, however, depended mainly on 
how rapidly the motion of the rotor resulted in separation of the electrodes; 
and it was in this respect that the rotary gap faced a limitation in ability to 
comply fully with the third requirement. 

A good approach to an understanding of the extent of this limitation is to 
examine a few representative applications in some detail. 


* Because of the pulsed nature of the gap discharge, the current during the conduction 
interval was of very substantial amplitude. Even at a power level as low as 1.5 kW in a 
typical shipboard transmitter, the peak gap current on the first alternation of its 
discharge was about 1000 amperes. 
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A. Shortwave Applications 


Figure 12 shows an American Marconi type P-8 2-kW shipboard transmit- 
ter,” widely used in ships of the U.S. merchant marine from the time of the 
first World War onward through the next decade or two. It was equipped with 
both quenched and rotary gaps, the former mounted on the front panel, and 
the rotor of the latter driven by an extension of the alternator shaft for syn- 
chronous operation. The rotor of the gap was enclosed in a housing which 
muffled the noise of the discharge to some extent, and provided a mounting 
for the fixed electrodes and their insulating bushings at the top. The threaded 
rod through a swivel block on the gap housing permitted adjustment of the 
angular position of the latter for optimizing the spark timing with respect to 
the phase of the alternator emf. There were 30 sparking studs on the rotor, 
corresponding to the 30 alternator field poles; the alternator and gap rotated at 
2000 rpm, resulting in a 500-Hz alternator frequency and a sparking rate of 
1000 per second. The diameter of the sparking stud circle was 12 inches. 


The ability of this gap to accomplish effective quenching can be evaluated 
through consideration of the length of time during which the proximity of its 
electrodes permitted continuation of a spark. At 2000 rpm or 33.3 revolutions 
per second, the peripheral velocity of the stud circle was 12 7 x 33.3 = 1260 
inches per second. Since the width of the sparking surfaces was about 0.030 
inch, a travel of 0.060 inch occurred between approach of the leading edge and 
departure of the trailing edge of a moving electrode from a fixed electrode. 
Also, the condenser voltage at discharge, 17 kV distributed as 8.5 kV at each 
sparking position, resulted in initiation of the spark while the electrodes were 
still separated by about 0.090 inch. Therefore the total travel between the star- 
ting point of the spark and the point where the electrodes began to separate 
again (making quenching possible) was 0.090 + 0.060 = 0.15 inch. The 
minimum spark duration time accordingly was 0.15 / 1260 = 0.00012 second, 
or 120 microseconds. 


‘Thus when the transmitter was operating on say 600 meters,* or 0.5 MHz, 
for which the RF period is 2j4s, 60 radio-frequency oscillations took place in 
the primary circuit during the gap discharge; it is clear, then, that this gap was 
not capable of the high-efficiency condition depicted in Figure 5. A low value 
of coupling coefficient between the primary and antenna circuits was required, 
such that a null in the envelope of the primary oscillations, appropriate to 
quenching, was obtained after 60 primary oscillations had occurred. 


The correlation of the audio-frequency circuit conditions with the spark 
duration time of this gap provides a good example of operation in the 
modified audio-frequency resonant mode referred to on page 31. With respect 


* The Service Regulations annexed to the Berlin Convention of 1906 assigned the 
wavelengths between 300 and 600 meters for use by ship stations. After the encroach- 
ment of radiotelephone broadcasting into this wavelength region in the early 20's, 
operation of shipboard transmitters was restricted to wavelengths from 600 to 800 
metes 
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Fig. 13. Modified resonant con- 
denser charging, one spark per alter- 
nation. 


to the $00-Hz alternator frequency, for which the period is 2000s, the gap 
conduction interval of 120,45 represents 120 / 2000 = 0.06 period, or 21.6 
electrical degrees. During this portion of the alternator period, low-frequency 
(as well as radio-frequency) current flows through the gap; for the gap to 
quench properly at the moment of occurrence of the null in the RF primary 
current, the low-frequency current must also be passing through zero at the 
same instant, 


Figure 13 is an oscillogram showing the condenser charge and discharge in 
an experimental circuit simulating the conditions detailed above for the rotary 
gap operation in the P-8 transmitter. The test circuit configuration was 
basically that of the equivalent audio-frequency circuit of Figure 7, modified 
to the extent that a negligibly small portion (0.94 millihenry) of the total induc- 
tance was placed directly in series with the condenser and gap. Here it func- 
tioned as the primary of an oscillation transformer, so that the condenser 
could discharge at a radio-frequency rate; the test circuit, in effect, was a com- 
plete transmitter minus the spark transformer. The “gap” was a solid-state 
switch with controllable firing and conduction duration times, 


By use of the values 0.01 pF for C and 14.0 henries for L (see Figure 7), the 
resonant frequency of the circuit was set at 425 Hz, or 15% below the alter- 
nator frequency of 500 Hz. The coupling to the tuned secondary of the oscilla- 
tion transformer was adjusted for a null in the envelope of the primary oscilla- 
tions after 120s, or at the completion of 6/4 cycles of the 52-kHz condenser 
discharge frequency,* and the gap conduction time was likewise adjusted to 
1201s. Finally, the gap firing time was adjusted so that the instant of comple- 
tion of the conduction interval coincided with the time of zero-crossing of 
the low-frequency current. The latter adjustment corresponds to the adjust- 
ment of the angle of the fixed electrodes of the gap in an actual transmitter. 


The scale of voltage and current ordinates in Figure 13 is 5 volts per division 


* The choice of a frequency near 50 kHz rather than S00 kHz for the radio-frequency 
discharge portions of the audio cycle, largely a matter of experimental convenience, 
also permits the individual RF cycles to be discerned in the scope display. 
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and 100 microamperes per division, respectively. Among features discernible 
in the curves, illustrative of the advantageous working of the modified reso- 
nant mode, are the following: 


(a) At the instant when the gap discharge begins, the con- 
denser voltage is still increasing, with a slope of about $ 
volts per millisecond, which would assure repeated 
sparking at nearly the same point even though random 
small differences in gap breakdown voltage should oc- 
cur. 

(b) At the start of the discharge, the condenser voltage is 
about 12.5 / 11.2 = 1.1 times the peak alternator emf.* 

(c) During the discharge, the low-frequency gap current 
(superposed on the radio-frequency current, which was 
not sampled in the experiment) varies from about 0.05 
TA to zero. 

(d) The slow growth of the condenser voltage immediately 
following the spark, which constitutes the audio voltage 
across the now nonconducting gap, is a deterrent to 
reignition of the gap, once quenching has been attained. 


The effect of the relatively long conduction interval of this gap on the audio 
circuit performance is also indicated in the curves of Figure 13. The resistance 
losses in the gap itself due to flow of the audio-frequency gap current of (c) 
above are negligible in comparison with gap losses engendered by the RF 
discharge current.** But during the discharge, while the AF current is 
maintaining a voltage across the inductance equal to the varying alternator 
emf, energy stored in the inductance is being returned to the alternator. A long 
gap conduction interval thus results in a decrease in the audio circuit power 
factor and an increase in the rms current value, leading to somewhat increased 
resistance losses in all audio-circuit elements. The high RF losses in the gap 


* During the operation of an actual transmitter, the alternator emf is not accessible for 
‘measurement, for the internal inductance of the alternator usually represents a large 
part of the total circuit inductance, Hence the voltage appearing at the alternator ter- 
‘minals is the sum of the emf and the substantial voltage developed by the current in the 
internal impedance. In this experiment, a 0.5-kW alternator was used through a step- 
down transformer (clearly a case of overkill, in view of the circa 8O0-microwatt con- 
denser input; the machine, however, was conveniently available), providing a source 
having a reactance of a few ohms at the most, entirely negligible compared to the reac- 
tance (44,000 ohms) of the total circuit inductance of 14 henries. 


The peak RF gap current at the beginning of the discharge is usually about three orders 
of magnitude greater than the remanent charging current at the same instant. In this 
experiment, the reactance of the 0.01 a spark condenser is 306 ohms, and the first 
peak of the discharge current is nearly 12.5 / 306 = 0.04 ampere, versus the 0.05 
milliampere value of the low-frequency current at the start of the discharge. 
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and primary circuit, however, remain the predominant disadvantage 
associated with prolonged gap current. 

In Figure 12, the P-8 transmitter is shown as adjusted and ready for opera- 
tion.* The gap transfer switch on the side is in the normal or quenched-gap 
position, and the spacing of the coupling coils (the two spiral coils at the center 
rear of the frame) is less than 4 inches. If it should be desired to use the rotary 
gap, the inboard (primary) coil would be drawn forward by means of the cen- 
tral lead-screw mechanism to a spacing of some 10 inches from the secondary 
(in accordance with the front-panel scale setting designated on the Bureau of 
Navigation chart posted elsewhere in the room, specifying adjustments as ap- 
proved by the Radio Supervisor during inspections). This is illustrative of the 
very loose coupling required for satisfactory rotary gap operation at short 
wavelengths. The antenna current for this station, 13.3 amperes on 600 meters. 
with the quenched gap, was approximately 9 amperes with the rotary—a 
reduction to about half the output power— for 2-kW transformer input in each 
case. 

Accordingly, the rotary gap of this type of transmitter was used only on the 
rare occasions when it might become necessary to disassemble the quenched 
gap for cleaning. On the other hand, many ships were equipped with rotary 
gaps only; the low efficiency was regarded as tolerable in these low-power ap- 
plications, particularly in view of the otherwise excellent performance of the 


B. Station MFT, Clifden 


At long wavelengths, the difficulty of accomplishing adequately short gap 
conduction duration by mechanical separation of the electrodes is lessened by 
reason of the longer RF period, with the time elapsed during occurrence of a 
specific number of RF cycles increasing directly with the wavelength. But at 
jh power levels called for in the longwave stations (all of them in long- 
distance service), the dimensions of the gap electrodes were necessarily greatly 
increased to maintain a safe current density and to provide a thermal path 
cross section ample for heat removal from the sparking surfaces. Though these 
considerations work at cross purposes, the development of high-velocity gaps 
of almost formidable proportions brought about a much closer approach to 
ideal quenching than was practicable at short wavelengths with rotary gaps. 
The degree of improvement attainable is reflected in the performance of the 
gaps designed for use in the first Marconi stations to establish a commercially 
viable transatlantic link. 

In 1910 the Marconi's Wireless Telegraph Company completed tests at Sta- 
tion MFT, Clifden, Ireland?" 2». and opened regular service between this sta- 
tion and the similar Station GB, in Glace Bay, Nova Scotia. The transmitter. 
power was 150 kW, and the equipment was of an unusual design in that a 


* It was the author's privilege, over a period of many months, to operate the set pictured 
in this photo, taken aboard SS Montgomery City/KDJZ in 1927. 
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Fig. 14. Marconi 150-kW rotary spark gap, station MFT, Clifden. 
Photo: Marconi Communications Systems, Ltd. 


6000-cell (I2-kV) storage battery was used instead of an alternator and 
transformer to charge the spark condenser.* Three 5-kV engine-driven DC 
generators in series were employed for battery charging. By use of choke coils 
in series with the battery, an audio-frequency resonance condition similar to 
that discussed in connection with Figure 13 was obtained, through the working 
of which the condenser was charged to a voltage in the vicinity of 18 kV. The 
keying contactors were placed directly in the battery circuit, and were keyed 
‘automatically at speeds of up to 100 words per minute, The rotary gap is 
shown in Figure 14. The rotor carried paired sets of lateral sparking studs 
which passed between two fixed disc electrodes set radially; as in the Poldhu 
gap, the latter were rotated slowly to aid in cooling, were adjustable to grazing 
incidence with the studs by means of worm shafts, and were provided with 
heavy multiple brushes for the primary circuit connections. There was, 
however, no provision for varying the angular position of the fixed electrodes, 
for with a DC supply this was not required. Although operation of the gap was 
synchronous in the sense that the spark timing must be consistent with the 
resonant growth of the condenser voltage, this was achieved through close 
regulation of the speed of the driving motor. The diameter of the stud circle 


* The selection of a battery supply for Clifden was the result of an expectation that a 
method of timed-spark CW generation, the design concept of which had from carly on 
contemplated use of a DC supply, would be perfected during the course of full-scale 
development work at Clifden. In an address before the Royal Institution in March, 
1908, Marconi had in fact reported (apparently prematurely) on success at Clifden with 
such a system at high power levels.) 
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was 50 inches; the normal rotational speed was 3000 rpm, with the 12 sets of 
sparking studs discharging at 600 sparks per second. 

The spark duration time of the Clifden gap, as in the case of the gap of the 
P-8 transmitter, can be estimated from the electrode dimensions and the 
peripheral speed of the stud circle. The latter, for a $O-inch circle at 3000 rpm 
or $0 revolutions per second, was 50 7 x $0 = 7850 inches per second. Tak- 
ing 1 inch as the width of the electrodes* and a spark lead of about 0.1 inch 
before electrode edge alignment, one finds that the electrode travel during a 
spark was 2.1 inches, and that the spark duration was 2.1 / 7850 = 0.00027 se- 
cond, or 270 pss. The wavelengths used at Clifden were in the vicinity of 6000 
meters, corresponding to a frequency of 50 kHz, for which the RF period is 20 
Jus. The number of primary circuit oscillations occurring during the conduction 
time of the gap thus was 270 / 20 = 13.5, and the circuit operation, much 
more closely approaching the ideal conditions of Figure $, afforded a sizable 
improvement in primary RF circuit efficiency over that exhibited by the 
previous example of the rotary gap at short wavelengths. 


In the DC condenser charging circuit, just as in the case with an alternator 
source, low-frequency as well as radio-frequency current flows through the 
gap during the discharge, and a requirement for proper quenching is that the 
low-frequency current should be passing through zero at the same moment 
that the primary RF current envelope is brought to a null value through the 
proper degree of coupling to the antenna circuit. As discussed on page 37, with 
an alternator supply this requirement is satisfied by initiating the spark before 
the charging current has reached zero (see Figure 13), followed by a continua- 
tion of the current through zero into the next AF alternation with reversed 
polarity. When a DC supply is used, however, the requirement can be fulfilled 
only by initiating the spark after the charging current has passed through zero. 
At the instant the spark begins, the AF current again reverses direction, and 
returns to zero with a constant slope such that a voltage equal to the battery 
voltage is maintained across the charging choke during the spark discharge, 
after which the process is repeated with polarity unchanged. Figure 15, an 
oscillogram illustrating the functioning of the DC charging circuit, was obtain- 
ed with the experimental arrangement described on page 37, modified to 
simulate the conditions of the Clifden operation (including, of course, a DC 
supply). 

The relationship between the resonant frequency f of the charging circuit 
and the spark frequency f, may be expressed as 

2, 
fm MÀ 
1kdin^! 2 afr) + 2afy 
where a = the gap conduction duration, seconds, 


* Obtained by scaling the gap photograph, a procedure of questionable accuracy, but 
permissible for purposes of approximation. (Data concerning many specifics of the 
‘arly stations remain elusive: the archives of both the Marconi and the Telefunken 
‘companies unfortunately suffered considerable damage during the second World War, 
and many irreplaceable records were destroyed.) 
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T = 
| 
y à Fig. Modified resonant condenser. 
4 Ee $ charging, DC supply. 


While the above expression does not yield f explicity in terms of f, it is readi- 
ly programmable for a solution for f by successive approximations. By this 
means it was found that 460.0 Hz is the audio resonant frequency appropriate 
to the 600-Hz spark rate and 270 js spark duration time at Clifden, and the ex- 
perimental circuit furnishing the results of Figure 15 was tuned accordingly. 
With the gap-conduction duration time adjusted for 2701s, 13.5 oscillations at 
the 50-kHz test-circuit radio frequency took place before quenching. A final 
adjustment was to trim the spark repetition rate to position the current zero- 
crossing in precise coincidence with the end of the gap conduction interval. At 
Clifden, the latter condition was attainable through fine control of the rotor 
speed, and recognizable through minimization of spark flaring at the end of 
the discharge. 


‘There are two notable points of difference between the methods of DC and 
AC condenser charging, in addition to the distinguishing characteristics of 
charging circuit resonance below the spark half-frequency with AC charging, 
and above the spark half-frequency with DC charging. With AC charging, 
there is considerable latitude in the choice of resonant frequency, since the. 
audio current zero-crossing is controllable by choice of the gap firing angle 
(through adjustment of the stationary electrode angle of the rotary gap, or 
through choice of the number of series gaps and trimming of the alternator 
voltage in the case of the quenched gap). With DC charging, however, there is 
one specific resonant frequency appropriate to a given spark duration time and 
repetition rate, for reference of the "'phase angle" of the gap discharge to the 
non-existent "phase" of the DC source is meaningless. The second point of 
difference is that with the gap discharge in the DC case necessarily occurring 
after the peak value of the condenser voltage has been passed by, the DC 
method is applicable only in conjunction with use of rotary gaps. A quenched 
gap, with initiation of its discharge solely dependent on its terminal voltage, 
would fire at or prior to the condenser voltage peak; the firing instant of the 
Clifden gap, by contrast, was determined almost entirely by the extremely 
rapid closure of its electrodes. 

In summary, the improved performance of the rotary gap in its application 
at Clifden was primarily attributable to the longer wavelength, and the conse- 
quent longer time elapsed during the occurrence of a small number of radio- 
frequency oscillations. To accomplish approach and separation of necessarily 
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large electrodes during this still brief interval, the mechanical requirements 
were not insignificant. The peripheral velocity of the rotor, expressed in units 
more readily grasped, was 446 miles per hour, over half the speed of sound in 
air; the centripetal acceleration at the rim was greater than 6000 times the ac- 
celeration of gravity. The mechanical design of the rotor was in itself a respec- 
table exercise. 


C. Station NAA, Arlington 


In 1909, Fessenden’s National Electric Signaling Company contracted with 
the U.S. Navy to furnish a 100-kW, shore-based spark transmitter as the first 
step toward carrying out the Navy's plan to establish a chain of high-power 
stations for fleet communications purposes.* Because of delays in selecting 
the transmitter site and in passage of appropriation bills for complete funding, 
construction of the plant was not begun until 1912, and the installation was 
completed in December of that year.» 


Figure 16 is a view of the transmitter arrangement. At the left rear is the 
100-kW, S00-Hz alternator and gap assembly, beit-driven by the 200-hp, 300-rpm, 
60-Hz synchronous motor which, together with the exciter for both machines, 
occupies the foreground. The oscillation transformer is centrally located 
above, with the antenna loading coil to the far right. Below is the spark con- 
denser, consisting of a group of Fessenden compressed-air units with a total 
capacity of 0.126 F. The vertical leads at the center pass to the spark 
transformer, located on a lower storey of the building, through floor bushings 
concealed from view by the motor. 

Figure 17 reveals the gap construction in greater detail. The rotor, carrying 
48 radial electrodes extending the diameter to 48 inches, was driven on the near 
end of the alternator shaft; the casing supporting the insulated fixed electrodes 
had provision for being rotated through a small angle sufficient to permit ad- 
justment of the sparking positions with respect to the alternator shaft angle. 
Cooling of the fixed electrodes was accomplished by a closed insulated water 
‘system associated with the cylindrical tanks mounted above the alternator and 
gap assembly. 

The alternator and gap rotated at the relatively low speed of 1250 rpm. The 
transmitter operated on a wavelength of 2500 meters.* It is a matter of some 
puzzlement that Fessenden at that time settled on a design using such a low gap 
velocity, for as was brought out above in the discussion of the Clifden gap—an 
even earlier design with a rotor of comparable diameter—a rotational speed 
over twice that at Arlington was required for an approach to ideal quenching; 


* It was of course already known that a longer wavelength would be more advantageous. 
for long-distance transmission. The choice of 2500 meters may have been geared to the 
size of antenna permitted by the budget; at that, the height of two of the three towers 
— all originally planned to be 60 feet tal. was reduced to 450 feet because of shortage. 
of funds 
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Fig. 16. Fessenden 100-kW rotary-spark transmitter, station NAA, Arlington. 
Photo: Edmund B. Redington 


Fig. 17. Fessenden synchronous rotary gap, station NAA. 
Photo: National Archives, Washington, D.C. 


and this at a wavelength over twice as long, so that the equivalent spark dura- 
tion time for proper quenching was increased in the same ratio over that ap- 
plicable to Arlington. As a consequence, fairly loose coupling was required at 
Arlington, to delay the occurrence of the null in the primary oscillations until 
such time as the gap electrodes had cleared to permit quenching. The resulting 
prolongation of the primary current caused an appreciable reduction in effi- 
ciency below the optimum that would have been attained with adequately 
rapid quenching. 


That this transmitter failed to meet contract specifications (it was accepted 
by the Navy in 1913 under a compromise agreement with regard to the contract 
price?) cannot, however, fairly be attributed to shortcomings in transmitter 
performance. Among the specifications? was the requirement ‘... The station 
to be capable of transmitting messages at all times and at all seasons to a radius 
of 3000 miles....Such messages must not be interrupted by intentional or 
unintentional interference by neighboring stations....”” This requirement was 
more an admiral's vision than a communications officer’s reality, and at least 
one other manufacturer had pointed out the impossibility of fulfilling it; 
deed, message circuit reliability narrowly approaching 100% over such 
distances was achieved only after the advent of satellite communication 
systems. 

The transmitter was accepted in simple realization that it was better by far 
than anything the Navy had had before; under good nighttime conditions it 
covered an area from Nova Scotia to Panama, and from Gibraltar to waters off 
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the northern Pacific Coast. More than any of the high-power commercial sta- 
tions on the East Coast, NAA symbolized radio in the public consciousness 
because of the wide usage of its time and weather broadcasts. 

This was the last—and only—‘‘great spark” in the Navy system. Even as it 
was being commissioned, a hand was writing on Belshazzar's wall, for 
alongside this transmitter a 30-kW Poulsen arc by Federal was undergoing 
tests.” Construction of the originally planned chain of Navy high-power shore 
stations was carried to completion in 1917 with Federal Telegraph Company 
arc transmitters ranging in power from 60 to 500 kW. Nevertheless, the spark 
transmitter at Arlington remained in service, together with a 100-kW arc, into 
the early 20's. 


D. Station MUU, Carnarvon 


In 1914 Marconi inaugurated service with dual 300-kW synchronous rotary- 
gap transmitters at Station MUU, Carnarvon, Wales," ? working in con- 
junction with a similar station in New Brunswick, New Jersey, a circuit which 
augmented the previously established Clifden-Glace Bay link, and also provid- 
ed a North American terminal closer to the point of origin or destination of a 
large portion of the message traffic. Appropriate to the greater length of the 
transmission path, the station operated on wavelengths in the vicinity of 
11,000 meters. 


‘As wavelengths in the region of 10,000 meters and longer came into use, 
another consideration arose in the area of transmitter design, that of the 
limitation that the correspondingly longer period of the antenna oscillations 
imposes on the maximum spark frequency that may be employed. In the 
discussion on page 28 of the optimum transmitter operation depicted in Figure 
5, it was tacitly assumed that before the beginning of each spark, the antenna 
current due to the preceding spark had decayed to a negligible value. This is in 
fact always the case at short wavelengths. But as was mentioned in the foot- 
note on page 24, the current decay for a given antenna decrement is characteriz- 
ed by a constant amplitude ratio between any RF cycle and the preceding one; 
thus the decay to any specified fraction of the initial amplitude takes place 
after the related specific number of RF oscillations have occurred. At very 
long wavelengths, the time elapsed during the number of oscillations sufficient 
for virtually complete decay is prolonged accordingly, and may exceed the 
time interval between sparks. 

If this be the case, the antenna current is still of substantial magnitude at the 
beginning of the primary discharge. The course of events at this point depends 
on the phase angle of the primary current with respect to that of the antenna 
current still flowing. Because there is no coherent relationship between the 
audio frequency of the spark and the radio frequency of the antenna circuit, 
the primary current is initiated from spark to spark at random phase with 
respect to the remanent antenna current. If the primary current happens to 
start with its phase lagging that of the antenna current by 90°, the primary 
energy is smoothly transferred to the antenna, reinforcing the antenna current 
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Fig. 18. Primary and secondary Fig. 19. Same as Fig. 18, except 
currents at VLW, incomplete decay with time scale expanded. 

of antenna oscillations, primary 

current lagging by 90°. 


as the primary current decreases to zero at the quenching point,* But if the 
primary current by chance starts with a leading phase of 90°, the remaining 
antenna energy is first transferred to the primary; only after the antenna cur- 
rent has been brought to zero does the return transfer of the combined energy 
take place from primary to secondary, with the ensuing antenna current forced 
into the leading phase for this direction of energy flow.** Intermediate 
values of initial phase difference, through either the in-phase or the out-of- 
phase condition, are accompanied by lesser manifestations of the disturbance, 

Figures 18 through 21 are oscillograms portraying the sequences set forth 
above, again obtained with the experimental circuit previously described, 
‘modified to simulate the very long wave conditions pertinent to the MUU 
operation, but retaining a DC condenser charging arrangement. The primary 
and secondary of the oscillation transformer were tuned to 27.3 kHz (for 
which the period is 36.7 jus), corresponding to the MUU 11,000-meter 
wavelength, and the secondary circuit was loaded for a decrement of 0.029, the 
value for the MUU antenna. The oscillograms relate to a hypothetical opera- 
n in which an attempt is made to employ a spark repetition rate of 1000 Hz 
in conjunction with such an antenna system, by use of a rotary gap capable of 
quenching after a spark duration of 404 jus, or after 11 primary oscillations. 


* The phase relations are here taken in the sense of additive (or like) polarity of the 
coupling coils. In the oscillograms of Figures 3,4, and $, the phase of the current inthe 
‘momentarily driving circuit is actually shown as leading that of the current in the 
driven circuit. This was a matter of experimental convenience; the displays would have 
‘been brought into accord with the convention of additive polarity by reversing the con- 
nections to one of the coils- 


** The action is similar to that near any current minimum in Figure 4, in which a phase 
reversal occurs in the null region, accommodating the change in direction of the 


following energy transfer. (t is this phenomenon that gives rise to the coupling waves 
in both circuits.) 
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Fig. 20. Primary and secondary cur- 21. Same as Fig. 20, except with 
rents at VLW, incomplete decay of time scale expanded. 

antenna oscillations, primary current 

leading by 90°. 


For Figures 18 and 19, the spark repetition rate (precisely uniform and con- 
trollable in the experimental gap) was finely adjusted in the close vicinity of 
1000 Hz so that the gap repeatedly initiated the primary current with its phase 
accurately lagging that of the secondary current by 90°. For this condition, 
Figure 18 shows that the antenna current, having decayed to about 0.6 times its 
‘maximum value between sparks, again smoothly builds up to maximum during 
each primary discharge. Figure 19, with a faster time base, more clearly reveals. 
the phase relation between the currents. 

Similarly, for Figures 20 and 21, the spark repetition rate (remaining very 
close to 1000 Hz) was finely adjusted so that the primary current was repeated- 
ly initiated with its phase leading that of the secondary current by 90°. The 
conduction duration time of the experimental gap was lengthened to accom- 
modate the full extent of the resulting energy transfer. The oscillograms show 
that for approximately the first 4% cycles during the discharge, energy is 
returned from the secondary, accompanied by a small increase in the initial 
primary current; the gap conduction time required to encompass the entire ex- 
change is almost doubled. 

It is obvious that no single gap conduction-time characteristic or antenna 
coupling adjustment could accommodate events randomly varying between 
the extremes of Figure 18 and 20; the impossibility of maintaining proper 
quenching would result in intolerable losses and destructive arcing in the gap, 
and chaos in the audio-frequency circuit. For this reason, it was found 
necessary in very long wave operation to choose a spark period long enough to 
permit decay of the antenna current between sparks to about 10% (i. e., decay 
of the instantaneous antenna power to about 1%) of the maximum value; the 
disturbance is then of such small magnitude and short duration that it has no 
appreciable effect on the primary current. 

How this consideration governed the choice of spark frequency at Carnar- 
von can be made clear by examining the electrical characteristics of the anten- 
na, a trapezoidal flat-top 3100 feet long, with width varying from 450 to 600 


E] 


feet, supported by 10 masts 400 feet in height. The antenna resistance was 1.4 
ohms (including ground and circuit loss resistances), and its capacity to ground 
was 0.0394 F," corresponding to a reactance X, of 150 ohms at 27.3 kHz. The 
decrement is found to be 

TR _14 7 

Sc adis 

The number of oscillations N required to reduce the antenna current to the 
fraction r = 0.1 of the initial value is 
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Because immediately following initiation of a spark several oscillations take 
place during antenna current build-up, the minimum number of cycles bet- 
ween sparks is increased to approximately 90. The minimum permissible spark 
period thus is found to be 90 x 36.7 = 3300 pus, or 3.3 milliseconds. The cor- 
responding maximum spark frequency is 1 / 0.0033 = 303 Hz; the value 300 
Hz was selected for the MUU operation. 


Fig. 22. Primary and secondary cur- — Fig. 23. Primary and secondary cur- 
rents at VLW, nearly complete — rents at VLW, nearly complete decay 
decay of antenna oscillations, of antenna oscillations, primary cur- 
primary current lagging by 90*. rent leading by 90°. 


Figures 22 and 23 are oscillograms obtained with the experimental circuit 
simulating in all respects (other than retention, for convenience, of the DC 
supply) the conditions of the MUU operation. In anticipation of the gap 
characteristics to be developed on page 51, the experimental gap spark dura- 
tion time was adjusted to approximately 8204s, permitting 820 / 36.7 = 22% 
primary oscillations during the discharge; the antenna coupling was adjusted 
to bring about a null in the primary current envelope at the end of this interval. 
sure 22, the spark frequency was finely adjusted about 300 Hz so that 
the primary current was repeatedly started with phase lagging by 90° that of 
the remaining antenna current, which has decayed to about 10% of its max- 
imum value; the antenna current builds up smoothly to maximum during each 
spark. For Figure 23, the spark frequency was finely re-adjusted so that the 
primary current was consistently started with phase leading that of the antenna 
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Fig. 24. Marconi 300-kW synchronous rotary gap, station KET, Bolinas. 
Photo: Edward G, Raser 


current by 90°. A brief extinction of the antenna current before its build-up is 
clearly visible, yet the further delay in reaching the primary current null is all 
but imperceptible; the heavy current of the first primary alternation appears to 
swamp the effect of the brief initial return of a very small amount of energy 
from the antenna. MUU and other longwave stations operated routinely and 
satisfactorily with sparking conditions randomly ranging between those of 
Figures 22 and 23. 

Figure 24 is a view of a gap identical to the gaps at MUU, photographed 
during construction of Station KET, Bolinas, California,* in 1914. The main 
rotor, viewed edge-on, carried 12 sets of lateral sparking studs on a circle $0 in- 
ches in diameter; all but one set are concealed by the housing, which, to reduce 
windage losses, enclosed the entire rotor except for that portion near the 
sparking positions. A main shaft extension to the right was fitted with a flange 
(almost concealed behind the gap mechanism) for connection to an insulated 
coupling through which it was driven in synchronism with the 300-kW, 150-Hz, 
1500-tpm alternator. The shaft extension to the left was intended for 
alternative coupling to a S0-hp motor for non-synchronous operation, if 
desired; the gaps, however, were never used in this mode. The insulated 
castings to either side of the main rotor support the disc-shaped fixed elec- 
trodes, placed horizontally and hence also viewed edge-on. Near the left end of 
the shaft is a downward-angled housing for a worm wheel which is the first ele- 


* The parenthetical remark in the footnote on page 41 is applicable here also, Major 
transmitter components used by the Marconi Wireless Telegraph Company of America 
for its California- Hawai link (KET-KGI), duplicating those at Carnarvon and New 
Brunswick, were supplied by the Marconi's Wireless Telegraph Company, Lid., Lon- 
don. 
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ment of a mechanism carried within the bed by means of which the copper disc. 
electrodes were slowly rotated for cooling, as in the Clifden and Poldhu gaps; 
the vertical insulated couplings visible below the centers of the discs are the last. 
elements of this mechanism. The drums above the discs, to which multiple 
brushes for contacting the discs are secured, served also as terminals for the 
RF primary circuit conductors. By means of the handwheels, each insulated 
fixed electrode assembly as a whole was movable along longitudinal ways plan- 
ed in the bed, to permit adjustment of the clearance between the discs and the 
rotating studs. (The presence in the photo of several planks resting edgewise 
between the bed and the dise mountings is somewhat distracting; whether still 
unremoved shipping braces or part of the clutter incidental to construction 
work, they had no permanent function.) 


‘The gap had no provision for varying the angular position of the fixed elec: 
trodes with respect to the shaft angle, a feature difficult to include in an 
already complex machine. Instead, the armature (stator) winding of the alter- 
nator itself was secured to a separate shell of the alternator housing, in such a 
‘manner that the stator assembly could be rotated through an angle sufficient 
for adjustment of the phase angle of the generated emf to the required rela 
tionship with the sparking angle of the gap.” 


For an estimate of the spark duration time of the gap, recourse again has to 
be taken to scaling the photograph with reference to the known S0-inch stud 
cle diameter, " and again the apologia in the footnote on page 41 applies. By 
this means the approximations of 1 inch for the diameter of the rotor studs and 
2 inches for the thickness of the disc electrodes are obtained. The condenser 
charging voltage, 35 kV distributed as 17,5 kV at each sparking position, results 
in n of the spark while the leading edge of a stud is still distant by 
about 0.17 inch from a fixed electrode; hence the total travel before 
quenching is possible as the trailing edge clears can be taken as 3.2 inches. The. 
stud circle velocity, at 1500 rpm or 25 rps, is 50 7 x 25 = 3900 inches per 
second, whence the minimum spark duration time is 3.2 / 3900 = 0,00082 sec- 
ond, or 820448. This is the basis for the sparking conditions discussed on page 
49; the oscillograms of Figures 22 and 23 are very likely not far from represen- 
tative of the actual working of MUU. 


‘Some of the other principal features of this transmitter, which operated at 
the highest power level to be achieved through use of rotary gaps, are of in- 
terest nct only in themselves, but also for later comparison with those of a 
transmitter similarly representative of the culmination of the quenched-spark 
art. The latter proceeded along different lines in one major respect, that of the 
voltage level appropriate to optimum operation. It appears that 35 kV was 
about the highest condenser charging voltage practicable with rotary gaps, 
since this was the approximate full-power value used in the 300-k W transmitter, 
notwithstanding that problems in the design of other circuit elements would 
have been eased had they been required to deal only with the smaller currents 
that would have resulted at the same power through use of a higher voltage. It 
is probable that the limit of 35 kV is attributable to aggravated premature fir- 
ing difficulties at higher voltages. 
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Though not strictly in the category of electrical performance characteristics, 
the outward manifestations of the operation of a rotary gap also were highly 
distinctive. During the discharge, the sparking electrodes were surrounded by a 
flare of ionized gas exploding from between the sparking surfaces (see Figure 
11); because even the fast-flowing air currents associated with the rotor motion 
were incapable at the higher power levels of dispelling the flare rapidly 
enough, auxiliary high-pressure air blasts directed at the sparking positions 
were necessary to accelerate de-ionization as the electrodes began to separate, 
Spectacular as was the visual display, it was more than matched by a sound 
level so intense that, for the sake of the health and sanity of the operating per- 
sonnel, each gap was the sole occupant of its separate sound-proofed vault. 

As for other design features, the value of the spark condenser is a logical 
starting point, for once the voltage and spark frequency have been specified, 
the capacity of the spark condenser is uniquely determined by the amount of 
power to be transferred from the audio circuit to the RF circuits. If a 
transformer efficiency of 95% be assumed, a 300-kW input to the spark 
transformer would deliver 285 kW to the condenser; with the condenser 
discharging 300 times per second, the energy required to be stored prior to 
each discharge would be 285,000 / 300 = 950 watt-seconds. From the relation 
C =2 €/E?, where C is the capacity in pF, e the energy in watt-seconds, and E. 
the voltage in kV, the capacity indicated for 35-kV operation is C = 2 x 950/35? = 
1.554F. The value of capacity actually installed is stated to have been 1.54 F, 
The condenser was made up of 192 oil-immersed glass-plate units, cach of 0.07 
HF capacity, arranged in a parallel connection of 64 strings of 3 series- 
connected units. 


The reactance of a 1.5 [LF condenser at 27.3 kHz has the very low value of 
3.89 ohms; thus in order to maintain a reasonable RF primary circuit efficien- 
cy, the resistance of all elements could not be allowed to exceed a few hun- 
dreths of an ohm—and the resistance of the gap alone approaches this limit. 
Similarly, there was the necessity of minimizing the inductance of the connec- 
ting leads, unavoidably of considerable length between large pieces of ap- 
paratus, for even at the low frequency of 27.3 kHz the total RF primary cire 
inductance for resonance with the 1.5 F capacity is only 22.7 p H. 

In Figure 25, a view of the oscillation transformer and associated antenna 
loading coils, the nature of the measures required to cope with the foregoing 
restrictions while handling the heavy currents involved* is made more forceful- 
ly apparent, The large 3-turn coil is the primary of the oscillation transformer; 
it was 5 feet in diameter, with a conductor diameter of 1 foot, Beneath a pro- 
tective sheath, the conductor consisted of many parallel strands of litzendraht 
wire laid spirally on the outside of an insulating helical form in such a way that 
all strands were of equal length and described similar spiral paths, optimizing 


* On the first alternation of the condenser discharge, the peak current approaches 
E / X = 35,000 / 3.899000 amperes. 


52 


uniformity of current distribution and assuring a minumum of loss resistance. 
‘The secondary or antenna coupling coil is visible partly within and toward the 
far end of the primary; it rode along a wooden rack on insulating rollers, and 
was fitted with a non-metallic screw and locking mechanism for adjustment of 
the coupling. 

Beneath the coil and leading off in the left background for branching to the 
gap and condenser bank in other rooms, the interconnections take the form of 
a parallcl-strip transmission line, although that was not the terminology of the 
day; it was then called a return circuit of parallel conductors. By virtue of the 
large area and relatively close spacing of the conductors, the line has the 
sought-for attributes of low resistance as well as low inductance. A line con- 
figuration similar to that shown in Figure 25 was maintained throughout both 
circuit branches up to the points of connection with the gap and condensers. 
The conductors were made of copper strap 0.25 inch thick and 24 inches 
wide; if it be permitted to scale the photograph to obtain the conductor spac- 
ing of 8 inches (and once more allude to the footnote on page 41), it can be 
shown, either through the familiar transmission-line approach or by applics 
tion of a parallel-conductor inductance formula? more likely to have been us- 
ed by the designers, that the line inductance was equivalent to 0.1344H per run- 
ning foot. The dimensions of the primary coil indicate that its contribution to 
the 22.7 MH total circuit inductance was about 9 4H, leaving a remainder of 
some 14 4H for the stray or interconnection inductance, A line length cor- 
responding to 14/LH, a little over 100 feet, appears commensurate with inter- 
connection distances consistent with the size of the apparatus. A provision for 
changing the conductor separation along portions of the line, by repositioning 
insulator clamps, was the means of adjusting the primary resonant frequency 
after installation, to compensate for the inevitable small departures in 
characteristics of the circuit components, as constructed, from their design 
values. 

Largely because of gap and other primary circuit losses associated with the 
relatively long conduction time of the gap (22 primary cycles before quen- 
ching), the measured transmitter efficiency™ from transformer input to anten- 
na terminals did not exceed about 38%. At full input, accordingly, the power 
delivered to the antenna was approximately 110 kW. 

The 300-kW rotary-gap transmitters at Carnarvon, augmented in 1917 by a 
single 250-kW timed-spark continuous-wave transmitter, remained in service 
until installation of dual 200-kW Alexanderson alternators in 1922. 


III. THE QUENCHED GAP 


‘The quenched gap had its origin in the efforts of Prof. Max Wien of the 
Physical Institute of the University of Danzig to develop for measurement pur- 
poses a source of oscillations with the lightest possible damping——i.e., he was 
seeking the closest possible approach to an ideal signal generator with the 
means then at hand, In the course of an experimental investigation, Wien 
discovered in 1906 that if the spacing of the spark gap in the primary circuit 
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Fig. 26. Telefunken 
1,5-kW shipboard 
transmitter, 
Photo: 

AEG: Telefunken 


was reduced to a very small value, about 0,2 mm (0.0079 inch), the coupling 
waves produced under the conditions applying to Figure 4 were virtually com- 
pletely suppressed, and a single wave of much narrower frequency spread aj 
peared in their stead, He also correctly explained that the single wave came 
about because of the very rapid increase in the resistance of such gaps as the 
current neared zero, resulting in extinction of the spark at the first null in the 
primary oscillations. The energy having been completely transferred to the 
secondary at this point, the latter circuit was left free to oscillate “with its own 
oscillation period and damping”. ® Although his own interest lay chiefly in 
laboratory applications, Wien was quick to recognize and point out the value 
of this method for large-scale use in wireless telegraphy. 

The Gesellschaft fuer Drahtlose Telegraphie, mbH (better known as the 
Telefunken company, after their trade name), was uniquely alert in aj 
preciating the full worth of this discovery, and within two years of Wien's 
disclosure had made available commercial types of transmitters using quench- 
ed gaps in substantially the same form as that used in all later successful ver- 
sions, Their form of construction is shown in the standard unit pictured at 
the top of the transmitter assembly of Figure 27. The spark took place between 
the flat-faced circular central portions of an assembly of copper discs, in- 
sulated from one another by mica rings, and with boundary grooves undercut 
in the discs to confine the sparking to the central portion, thereby preventing 
damage to the insulating rings. The flanged extensions between pairs of spark- 
ing discs provided for cooling by convection or by means of a small auxiliary 
blower. While equally good results were obtained with either copper or silver 
electrodes, Telefunken gave preference to silver inlays for the sparking sur- 
faces. Spacings of about 0.2 mm, as had been found optimum by Wien, were 
retained in these gaps, yielding a breakdown voltage of about 1400 volts per 
gap section," An important feature of this form of construction is its inherent 
provision of an air-tight enclosure for the sparking chamber, which retarded 
deterioration of the gap surfaces resulting from formation of oxides or other 
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contamination; after an initial “seasoning” during the first hour of operation, 
the gaps provided hundreds of hours of trouble-free operation before cleaning 
became necessary. 

Although it is true that several other investigators (among them E. von 
Lepel, W. Peukert, and E. L. Chaffee) were working at about the same time 
ith dischargers resembling to some extent the Wien-Telefunken device, the 
accolade for the introduction of the quenched gap has properly been bestowed 
on Wien and Telefunken.* That none of the other types of gap were capable of 
as effective and trouble-free operation is abundantly borne out by the simple 
fact that none of them found wide application, whereas gaps of or paralleling 
the Telefunken design were soon and long in use throughout the world, Even 
more to the point, the inventors of the other devices, working with direct- 
current power sources and very high spark frequencies, at least initially believ- 
ed that they were producing continuous waves.** It was Wien alone who im- 
mediately grasped the true concept of operation in the quenched mode, Wien's 
contribution is aptly summed up in the following editorial comment appearing 
in the January 14, 1910, issue of The Electrician, the same issue which featured 
a lengthy article devoted to the Peukert gap: 


ll these devices are purely developments of Wien's ingenious 
method, which was, with the generosity of the true investigator in 
pure science, given free to all the world. Still, from the patent point 
of view, there is no doubt that the situation is likely to prove 
teresting in the near future.” 


‘To Wien is to be attributed not only the origin of the quenched gap, but also of 
the underlying principle that rapid quenching of the primary oscillations is the 
key to high-efficiency operation in a spark transmitter. This principle applies 
regardless of the type of gap employed, and in fact defines one of the re- 
quirements for optimum gap performance as listed on page 32. For these con- 
tributions, Wien well merits a prominent place among those principally 
responsible for the advancement of spark transmission. 

The deceptively simple construction of the quenched gap gi 
the complex phenomena involved in its close-to-ideal operi 
discharge, which brings in aspects of gaseous or plasma conduct 
thoroughly understood even at the present time. In simplified terms, 
generally accepted!“ that effective quenching, which depends on the raj 


little hint of 


* R. Rendah of Telefunken also introduced the terms (soon universally adopted) "quen- 
ched sparks" and “quenched gap”. 9 Wien had referred to his sparks simply as "his- 
ing discharges" (zischende Entladungen). 1° 

** This belief was undoubtedly a sincere one. Since there was no convenient and stable 
CW oscillator yet available for checking the character of the wave by heterodyne detec- 
tion (and Braun tube techniques were in a primitive stage), it was extemely difficult to 
distinguish "pure CW" from a signal consisting of a series of incoherent lightly- 
damped wave trains occurring at 


Fig. 27. Later modification of 

primary circuit, Telefunken 1.5-kW 
transmitter. 

Photo: A.C, Goodnow 

(by permission in Deutsches 

‘Museum, Munich) 


with which the initial heavy ionization can be swept away as the gap current en- 
velope reaches zero, is accomplished in the quenched gap to a small extent by 
direct recombination of the ions, but mainly through absorption of their 
charges at the surfaces of the electrodes. The time required for surface ab- 
sorption varies as the square of the distance between the electrodes; thus 
deionization takes place 100 times more rapidly in a series of 10 gaps, each 0.2 
mm long, than in a single gap spaced 2 mm.* This effect, optimized by the. 
large arca and relatively low temperature of the electrodes, was responsible for 
the unique ability of the quenched gap to provide effective quenching at wave- 
lengths even as low as 200 meters. 


A. Shortwave Applications. 


In 1908 the first installation of a Telefunken 500-Hz quenched-spark 
transmitter, rated at 1-kW antenna power, was made aboard ship. As a result 
of the immediate success and acceptance of this transmitter, the Telefunken 
company utilized the quenched gap in all its subsequent spark transmitter 
designs. The gap shown in Figure 27 is one of a series of Telefunken standard 
gaps, an assembly of 8 gap units in series, with which clips were provided for 
shorting out individual gaps (low-power operation, when desired, was ac- 
complished by reducing the number of gaps and lowering the alternator 


* More than 20 years elapsed before the applicability of the principle of Wien's discovery. 
was recognized in the power field for arc suppression in air ciruit-breakers, by means 
of the “Deion grid.” This is an arrangement of insulated conducting vanes which par- 
tition the arc and greatly accelerate its extinction. ®? 
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Fig. 28. Slaby-Arco transmitter, 1904, Photo: AEG-Telefunken 
voltage), Figure 26, reproduced from Telefunken catalog data of 1910, shows 
an arrangement of apparatus as it would be typically installed aboard ship, 
featuring this gap in a standard transmitter rated at 1.5-kW output to the anten- 
na.* The primary circuit of the Telefunken transmitters was supplied as a unit 
containing the gap, the spark condenser (the two long Leyden jars below the 
gap), and primary coil, as shown toward the center in Figure 26. The primary 
coil was connected as an auto-transformer, with a tapped connection to feed 
the antenna series coil affixed to the wall; the latter was arranged as a 
variometer for fine adjustment of antenna tuning after preliminary tuning by 
means of tapped connections. The spark transformer and its adjustable 
primary series choke are shown at floor level to the left of the RF primary 
frame, Figure 27 is a photo of a later version of the primary-circuit assembly, 
on display in the Deutsches Museum in Munich, in which the configuration 
was altered to facilitate a more convenient desk-top installation, 


In 1912, an agreement was reached between Marconi and Telefunken 
whereby each had access to use of the patents of the other. This not only put. 
an end to the long period of contention relating to the coupled-tuned-circuits 
patents of Braun and Marconi, but also opened the way for use of the quench- 
ed gap by the Marconi companies. Quenched gaps were extensively made use 


* Telefunken practice was to rate transmitters according to the output power, whereas 
British and American ratings corresponded to the transformer input; the 1.5-kW 
Telefunken transmitter thus is comparable to 2 2-kW American quenched.spark 
transmitter. (In the 20's new production having swung over to vacuum-tube equip- 
ment, the more logical practice of specifying power in terms of output was universally 
adopted.) 


58 


of by the American Marconi company, probably initially on the specification 
of the U.S. Navy, for whom two designs of 500-Hz quenched-spark sets were 
produced in 1913, operating at power levels of 2 kW and 5 kW, respectively. 
Also, in later commercial designs for shipboard use, such as the 2-kW type P-8 
transmitter discussed in Section IT-A above and illustrated in Figure 12, quen- 
ched gaps were provided for normal service. 

The U.S. Navy appears to have been the catalyst in the introduction of the 
quenched gap to American commercial usage. In preliminary tests in which 
most of the American and European manufacturers had been invited to par- 
ticipate in 1902,* the Navy had been particularly well impressed by the 
transmitters demonstrated by the German firm of Slaby-Arco; when in 1903 
the Naval radio system first became operational, 47 Slaby-Arco transmitters 
(and 10 of other manufacture) were in service aboard ship and at shore loca- 
tions.” Figure 28 shows a 1904 installation of equipment built by Telefunken 
to the same design as the transmitters furnished to the Navy by Slaby-Arco. 
(The Telefunken company was formed in 1903 as an amalgamation of Slaby- 
Arco and Braun-Siemens-Halske.) The set was powered by the induction coi 
on the wall, and the cylinder-shaped “energizing circuit" in the center contai 
ed the spark condenser, a fixed gap, and oscillation transformer. The 
wavelength range was stated to be from "120 to circa 1000" meters, and the 
distance range 200 to 300 kilometers. As further developments came to light, 
the Navy continually updated its transmitters by modifications to increase the 
spark frequency and to improve the gap performance; among these changes 
was the introduction of the Telefunken quenched gap shortly after its ap- 
pearance in Germany. 

By the time the U.S. entered the first World War, the spark equipment 
aboard Navy ships consisted almost exclusively of quenched-spark transmit- 
ters, many of them built to designs developed by the Naval Radio Laboratory, 
During the frantic period of shipbuilding starting in 1916 under the Ship Pur- 
chase Act, the Navy was charged with the procurement, maintenance, and 
‘operation of the radio equipment on the hundreds of merchant ships newly 
built or taken over by the U.S. Shipping Board for wartime service. Most of 
the new ships were provided with 2-kW quenched-spark transmitters of the 
SE-1205 type,** which was identical to the transmitter shown in Figure 29 with 
the exception that only three wavelength positions (and accordingly, only three 
or four antenna loading coils) were provided. These sets, manufactured under 
Navy contract with only minor differences by the American Marconi Com- 
pany, Kilbourn & Clark, and the Wireless Specialty Apparatus Company, re- 
mained in service long after the war and were generally referred to as the 


* The Marconi interests, unable at the time to reconcile their policy of leasing equipment 
with the Navy's insistence on outright purchase, elected not to take part in these 
demonstrations 

** The letters "SE" in a type number—after the Bureau of Steam Engineering, the divi 
sion encompassing Naval radio activities at that time—indicated a Naval Laboratory 
design. 
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Fig. 29. 2-kW Navy standard Fig. 30. Braun plain-gap transmitter, Nauen, 
quenched-spark transmitter by 1906. 
Wireless Specialty Apparatus Photo: AEG-Telefunken 
Co 


Photo: The Antique Wireless 
Association 


ULKW Navy Standard" transmitter. The quenched gap used in these 
equipments, while following the basic Wien-Telefunken principle, was an in- 
novative departure in that each gap unit was a separate assembly, with annular 
silver sparking surfaces giving clearance for an insulated bolt holding the two 
electrodes and the insulating ring together. Each electrode was provided with 
dual sheet-copper cooling fins of large area, which were rather more effective 
than the projecting flanges of a stacked assembly. A further advantage of this. 
construction was that should a gap become defective, only the affected unit 
need be disassembled, As shown in Figure 29, a rack on the front panel of the 
Navy Standard transmitter held a string of 15 such gap units, with a switching 
arrangement for conveniently varying the number of units in circuit. 


B. Station POZ, Nauen 


Built by Telefunken in cooperation with the German government, Nauen 
was the flagship station for Telefunken activities, where many new 
developments were proved in, later to be duplicated for service in other parts 
of the world. The history of progress at this one station thus gives a review of 
practically the entirety of Telefunken's many contributions to the art, in- 
cluding the fullest realization of the capabilities of the quenched gap. 
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1. The 1906 Transmitter. 


Pre-dating the emergence of the quenched gap from the laboratory, the 1906 
transmitter has no direct bearing on quenched-gap operation. Representing as 
it does, however, the best engineering practice prior to the development of 
either rotary or quenched gaps, and almost unique in that data concerning 
details of its design are still accessible, it can well serve as a basis for com- 
parison in defining the degree of improvement brought about by the adoption. 
of superior devices to replace the primitive fixed gap. Figure 30 shows a por- 
tion of this first transmitter at Nauen,” ° a Braun design employing tuned 
coupled circuits, and operating with an input of 20 kW on wavelengths in the 
vicinity of 3000 meters. In the audio-frequency circuit, it applied the resonant- 
transformer technique discussed on page 30. Two open-core chokes, visible at 
the lower right in Figure 30, were the means of resonating the primary circ 
of the spark transformer (four paralleled open-core units of similar ap- 
pearance to the chokes, installed in line with the latter but out of the picture) 
with the power supply frequency of 50 Hz. The large bank of Leyden jars, 360 
in number, composed the spark condenser; the jars were arranged in a series 
connection of 3 groups of 120 paralleled jars, each of 0.011 F capacity, for a 
total capacity of 0.44 jF. Almost surrounded by the condenser bank is the 
oscillation transformer; surmounting the coil assembly is the fixed gap. The 
‘gap consisted of two circular zinc rings 20 inches in diameter, The sparking 
distance was set at about 1 inch, so that sparking was inhibited until approach 
of the voltage peak accompanying completion of $ alternations (or 2¥4 cycles) 
of the power supply voltage (cf. Figure 8), yielding the very low sparking rate 
of 20 sparks per second. The condenser charging voltage at this point had risen 
to about 60 kV. 

‘The ionization in a fixed gap is so persistent that not only does the gap con- 
ue to conduct throughout the entire duration of each wave train (RF perfor- 
mance as in Figure 3), but also it is unable to interrupt the audio-frequency 
current, already beginning to grow during the spark, except through an arc- 
stretching process similar to the action of a ball safety-gap. Many fixed gaps, 
unlike that of Figure 30, were set horizontally to aid this function. Wide spac- 
ing were required to prevent the continuance of a confined “hot arc" which 
‘would bring operations to a halt by precluding further condenser charging—to 
the accompaniment of an exercise of overload relays and circuit breakers. The 
distinguishing characteristics of fixed-gap operation, besides low efficiency, 
were the necessity of using a relatively high voltage, to permit a wide gap spac- 
ing, and of using a low spark repetition rate, so that the growth of the audio 
current was slow enough to permit the gap to interrupt the arc. 

From the receiver standpoint, the use of a low spark frequency was not at all 
disadvantageous at the outset, when the detector in common use was the 
coherer; on the contrary, the higher energy per wave train was an advantage. 
‘The received signal corresponding to one spark was all that was required to 
enable the coherer to register a Morse dot; if the coherer had insufficient sen- 
sitivity to respond to one wave train, it would also be oblivious to a series of 
wave trains. Similarly, coherer response to two or three wave trains was suffi- 
cient for registration of a dash. But following the development of more sen- 
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sitive detectors (electrolytic, magnetic, Fleming-valve, and crystal), all of 
which produce on aurally-interpreted response, the introduction of higher 
spark frequencies became an urgent matter. The sensitivity of the ear, and 
more particularly of telephone headsets, is very low at frequencies below 50 
Hz; the sensitivity in combination reaches a maximum in the region of 800 to 
1000 Hz. Efforts to operate fixed gaps at higher spark repetition rates, even 
well below this range, were uniformly unsuccessful at power levels exceeding a 
few tens of watts. 

‘The performance of the first Nauen transmitter was typical of the optimum 
possible through use of a fixed gap; significantly, the overall efficiency 
(transformer input to antenna) was only 15 to 20%, with a fair portion of the 
losses occuring in the gap itself. At best, the power reaching the antenna was 
about 4 kW. 


2, The 1909 Transmitter 


By 1909, Telefunken had carried the development of the quenched-spark 
system well forward, and the Braun transmitter was replaced by the 35-kW. 
quenched-spark equipment"! shown in Figure 31. The lectern-like structure 
to the right housed 6 quenched-gap assemblies, each having 14 gap units in 
series; a blower within the stand drew a small flow of air through the bottom 
and discharged it past the flanges of the gaps for cooling. The spark con- 
denser, consisting of 36 Leyden jars of the same type as used in the previous 
transmitter, was arranged in a 6 X 6 series-parallel connection, resulting in a 
total capacity of 0.011 ef, the same as that of a single jar. With a series connec- 
tion of 6 groups rather than 3, the voltage rating of the bank was doubled as 
‘compared to that of the earlier installation, which as noted on page 61, had 
worked at 60 kV. Progressively toward the forefront from the condenser bank 
are shown the oscillation transformer, an additional primary series coil, and 
the antenna loading coils. The latter three units were enclosed in wooden 
cabinets provided with plug-actuated connecting posts by means of which the 
wavelengths of 2000, 2500, 3000, and 4000 meters could readily be selected. In 
recognition of the need for a high spark frequency for optimum results with 
contemporary receiver characteristics, a sparking rate of 1000 Hz was chosen; 
a 60-kW, 500-Hz alternator located elsewhere in the building fed the spark 
transformer, which was placed off to the right of the equipment pictured. 

t was brought out on page 51 that the behavior of the rotary gap is such that 
a limiting practicable discharge voltage is encountered at higher power levels. 
There is a corresponding limit for the quenched gap; but it is a limiting value 
for the current rather than the voltage. The current-handling capability of the 
quenched gap cannot be increased indefinitely by increasing the size of the 
electrodes because of two interrelated factors: the difficulty of effecting 
uniform cooling if the thermal path becomes too long, and a tendency of the 
spark to concentrate at hot spots if they are permitted to develop, resulting in 
destruction of the gap. (Parallel operation of gaps was not feasible, since the 
first to break down would drop the voltage on others in parallel, and they 
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would fail to fire at all.) As a consequence, in the reach for higher powers with 
the quenched-gap system, the primary-circuit currents were restricted to 
moderate increases, while the condenser-charging voltages were raised to very 
high values. 


Because the breakdown voltage of an individual gap at optimum electrode 
spacing is invariant, the number of gap units required in the total series string 
also increases in proportion to the voltage. The resulting increase in gap 
resistance does not, however, bring about a decrease in efficiency. For exam- 
ple, let a case be considered in which it is assumed that the voltage is doubled 
in doubling the power, with no change in other parameters including the cur- 
rent, spark frequency, and wavelength. In this case, the gap resistance, and 
hence the gap loss with current unchanged, likewise doubles; the gap efficiency 
remains the same. An extension of the hypothetical example further makes 
clear a characteristic difference in the nature of other primary-circuit com- 
ponents in higher powered quenched-spark transmitters as compared with 
their rotary-spark system counterparts. In order to maintain the primary cur- 
rent unchanged at twice the voltage, the reactances of the primary coil and 
spark condenser are also doubled; i.e., a coil of twice the inductance and a 
condenser of half the capacity* are called for. In short, as the power rating is 
increased, the primary-circuit impedance level in the quenched-spark system is 
steadily increasing, in contrast to an ever decreasing level in the rotary-spark 
system. 

It is difficult to unearth sufficient data to illustrate with exactitude how the 
above considerations determined the design specifications of the 35-kW 
transmitter; with respect to the condenser-charging voltage, for instance, one 
authority? states “The current (sic)....is transformed from 440 volts to 50,000 
volts by means of an oil transformer..." without specifying whether, as is 
usual in transformer ratings, the 50 kV is an rms value; if so, the maximum 
value of the non-sinusoidal secondary voltage, which is the condenser charging 
voltage, rises to a considerably higher value as in Figure 13. By another ap- 
proach, the probable value can be aproximated with a reasonable degree of 
credibility. In Figure 31 it may be seen that four of the gap assemblies are con- 
nected in circuit, and two are in spare status; there were thus $6 active gap 
s at the time the photo was taken. With a breakdown voltage of 1.4 kV per 
unit, the indicated condenser voltage before discharge is about 78 kV. In fur- 
ther support of this value, the energy per discharge as related to the known 
capacity of 0.011 af becomes 0.5 x 0.011 x 78° = 33 watt-seconds, cor- 
responding at 1000 sparks per second to a condenser input power of 33 kW. 
This approximation correlates fairly well with the somewhat higher condenser 
input that would be required to deliver 35 kW to the antenna after circuit 
losses; hence it becomes clear that the sparking voltage was in the 
neighborhood of 80 kV. 


^ The energy per charge stored in the spark condenser, proportional to the square ofthe 
voltage, is appropriately doubled with twice the voltage and half the capacity. 
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Fig. 31. Telefunken 35-kW 

quenched-spark transmitter 

station POZ, Nauen, 1909. 
Photo: AEG-Telefunken 


The use of a high spark frequency has distinct advantages from the view- 
point of transmitting plant design, as well as with respect to receiver 
characteristics. Considerable interest was aroused in 1909 by a comparison 
between the condenser bank of the new transmitter, with only 36 Leyden jars, 
and that of the previous transmitter, in which, even though it had operated at 
less than half the input power, 360 jars were required to transfer the power 
from the AF to the RF circuit. (A more proper comparison is afforded by the 
40:1 capacity ratio.) The wonderment was little diminished by the simple 
nature of the explanation: the old condenser had been charged only 20 times a 
second, whereas the new one was receiving 1000 charges per second. With 
more frequent trips to the well, one might say, a smaller bucket suffices to get 
an even larger daily water supply into the house. In transmitter primary cir- 
cuits, advantage may be taken of the choice offered by the lesser energy per 
discharge to reduce the peak voltage or the peak current, or both in varying 
degree, to acommodate best the gap capabilities or restraints on the design of 
other circuit components. With respect to antenna systems, the advantage of 
increased spark frequencies* is the reduction in peak voltages, enabling a given 
antenna to operate at a greatly increased power without encountering insula- 
tion difficulties. 


A most significant feature of quenched-spark operation, briefly alluded to 
on page 56, is the high value of RF primary circuit efficiency achieved, by 
reason of the very rapid quenching; operating conditions correspond to those 
of Figure 5, rather than those of Figure 22. Inasmuch as the initial value of the 
primary current, regardless of its duration, is determined almost entirely by 
the condenser voltage and the primary circuit reactance, the more quickly the 
current can be terminated by close coupling to the antenna and carly 
quenching, the less are the primary circuit losses. The typical radio-frequency 


* Upto the point where the spark frequency is limited at very long wavelengths by anten- 
na current decay-time considerations, as discussed on page 46. 
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Fig. 32. Telefunken 
100-kW quenched-spark 
transmitter, station POZ 
Nauen, 1912. 

Photo: AEG-Telefunken 


circuit efficiency (from condenser input to antenna) was reported?" * to be 
85%, a value seldom exceeded by the efficiency (from plate input to antenna) 
of modern high-power vacuum-tube transmitters. The overall efficiency *” 
was about 75% from transformer input to antenna terminals. 

The 35-kW equipment remained in service until it was replaced in 1912 by a 
100-kW set; it was then dismantled and re-erected with minor modifications at 
the Telefunken station in Sayville, Long Island. 


3. The 1912 Transmitter 


A view of the main transmitter room of the 100-kW equipment?'-? installed 
in 1912 is shown in Figure 32. Prominent in the foreground are the tall second- 
ary bushings of the spark transformer, which, to facilitate a compact arrange- 
ment of the RF circuits, was installed in a lower-level room with only the top. 
of its casing emerging here. Toward the left is the spark condenser bank, a 
doubly-stacked group of 32 oil-immersed glass-plate units rather than Leyden 
jars as used in the earlier installations. The coil assemblies for the oscillation 
transformer (center rear of the enclosure), additional primary series induc- 
tance (left rear), and antenna loading (to the right with only its switching con- 
tacts visible) were, as in the 35-kW transmitter, enclosed in wooden cabinets. 
Switching means on marble panels were provided for altering the wavelength 
in several steps over the range from 3000 to 7000 meters; the coils also featured 
a variometer arrangement for fine tuning, the adjustment of which was in- 
dicated by the horizontal scales on the faces of the cabinets. All controls were 
actuated from the adjacent operating room, where the entire transmitter was 
visible through a window running the length of the wall on the side from which 
the photo was taken. 


In the center of the room are four glass-topped structures, resembling 
museum cases, which housed the gap assemblies; each stand contained 8 
assemblies of 10 individual gaps in series. Through rectangular holes in the 
floor beneath the stands a flow of air sufficient for cooling was freely directed 
at the open bottoms of the enclosures, and the tops of those stands connected 
in circuit may be seen to be open for a free exhaust path. The four multi- 
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contact keying relays distributed on either side of the spark transformer func- 
tioned in its primary circuit. The sparking frequency of 1000 Hz having been 
retained in this transmitter, the spark transformer was fed by a 500-Hz alter- 
nator rated at 250 kVA, located on a lower storey along with other power en- 
trance and control equipment. 

This transmitter represents at the 100-kW output level the peak of develop- 
ment of the quenched-spark system. Detailed information concerning its elec- 
trical specifications has proven to be very meagerly available, for an extensive 
effort has turned up only one numerical item“ in addition to its alternator 
rating, namely that the transformer secondary voltage was ‘75,000 to 100,000 
volts"'.* Despite the imprecision of these figures, it is apparent that the 
operating voltage is approaching levels at which another consideration 
becomes cogent: the onset of corona discharge on conductors, which not only 
causes losses in itself but also is destructive of adjacent insulating structures, 
sets an upper practicable voltage limit for any class of apparatus. The critical 
peak voltage for corona formation on a smooth, clean conductor, say 1 inch in 
eter and spaced 3 feet from a ground plane (roughly applicable to the 
‘connecting leads in Figure 32) is in the neighborhood of 160 kV under average 
indoor conditions; and the value is lowered nearly in proportion where the 
radius of curvature is reduced, as in circuit connection details. The conclusion 
warranted, then, that the 100-kW output achieved is also near the maximum 
feasible with the quenched-spark system. 

Again not properly in the category of electrical performance characteristics, 
the acoustic output of the gap assemblies was negligible in comparison with 
that of an equivalent rotary gap. The hissing sound of the quenched gap of 
shipboard transmitter delivering 1.5 kW was well below a normal convers 
tional level. The sound of the 100-kW gaps, very likely comparable to the 
enhanced tea-kettle effect audible near a bank of large water-cooled power 
tubes, required no special means for its suppression such as those described on 
page 52 for use with the rotary gap. 

The 100-kW Nauen transmitter was originally used for communication with 
a duplicate station in Togo, German West Africa, as well as with the Sayville 
station, on wavelengths near 6000 meters. Later a larger antenna, suitable for 
operation on 12,000 meters, was constructed in order to take advantage of 
lower signal-path attenuation on the longer wavelength. At this point, the 
antenna-current decay problem of Figures 18 and 20 presented itself. As a 
solution enabling retention of the 1000-Hz sparking rate, Dr. Alexander 
Meissner invented a method" of ignition and timing of the sparks to preserve 
the phase relations of Figure 18** during successive sparks, and the transmit- 
ter thus operated in the timed-spark mode for the remainder of its service life. 


* Asin the instance referred to on page 63, there is only the reasonable presumption that 
these are (as customarily stated) rms values. for which the corresponding condenser- 
charging voltages are substantially higher. 

** With quenched-gap operation, however, the primary-current duration time was mucn 
shorter than shown in Figure 18. 
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This was the last spark transmitter to be installed at Nauen. Further 
developments were carried on with continuous-wave transmitters employing 
high-frequency alternators and Arco frequency-multiplying transformers, with 
which as early as 1916 an antenna power of 100-kW had been attained. 


IV. CONCLUSION 


Among the reasons for the obsolescence of the spark transmitter, the one 
usually regarded as the most compelling is that its relatively broad bandwith 
conflicted with a growing need to conserve spectrum space as the demand for 
additional channels made itself felt. Even without the pressure of increased 
spectrum occupancy, however, a move to continuous waves was incvitable in 
the unrelenting drive toward sufficient radiated power to achieve uninter- 
rupted 24-hour service over paths such as those between Europe and North 
‘America. Immunity to extremes of fluctuations in propagation conditions was 

goal which was not fully reached with spark systems. The diverging paths of 
circuit design in the conventional quenched and rotary-spark systems, leading 
to use of apparatus of such contrasting appearance as that of Figures 32 and 
25, coverged ultimately in one respect: both systems were limited to an output 
level not much in excess of 100 kW. An illustration of their comparable effec- 
tiveness is afforded by the transpacific circuit of around 1920, where by a 
chance combination of regulatory and commercial factors, Telefunken 
transmitters duplicating the Nauen design anchored the Japanese end at 
Funabashi, and Marconi transmitters after the Carnarvon design served at 
Kahuku, the relay point in Hawaii with which Funabashi normally com- 
municated. 

Along with the use of steadily increasing power, there was a continuing shift 
to longer wavelengths on the long-distance circuits, Both of these trends strain- 
ed the voltage capabilities of even the largest economically feasible antennas, 
‘Optimum antenna utilization in the conventional spark mode, from the stand- 
point of the antenna corona-voltage limitation, corresponded with the condi 
tion where succeeding antenna-current wave trains occurred with a slight 
overlap (as in Figures 22 and 23), insufficient to hamper efficient gap opera- 
tion in originating a new wave train, but sufficient to insure that no interval 
with entirely negligible current remained. But if a constant-amplitude wave is 
‘employed, rather than a sequence of wave trains decaying exponentially to say 
10% of that amplitude, the rms values of voltage and current are somewhat 
more than doubled. Thus for the same peak voltage the antenna can handle 
over four times the power in continuous-wave operation. 

‘As noted in the descriptions of the Nauen and Carnarvon stations, by 1917 
Telefunken and Marconi had achieved antenna powers of about 100 and 150 
kW, respectively, using differing implementations of the timed-spark concept 
for production of continuous waves, albeit with some degree of amplitude and 
random phase modulation. But because of contemporary advances with the 
arc and the high-frequency alternator, whereby superior reliability and the 
capability of much higher power levels were realized, timed-spark methods did 
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not come into wide use. They nevertheless constituted perhaps the most 
remarkable application of spark technology. 


Present-day developments remain linked to and strongly dependent upon 
‘many of the principles uncovered and put to use during the spark era by those 
individuals who brought it into being: Marconi, Braun, Fessenden, Fleming, 
ien, von Arco, and the others... long file extending back to Hertz, to Max- 
well, and in turn to his predecessors. Even Thomson’s 1853 oscillator of Figure 
1 is indispensable in modern radio systems—though now sans gap, and 
energized by transistors or tubes every cycle or half-cycle rather than over 
longer intervals for sparking. Workers of succeeding generations, enchanted 
with the view from the working level, are prone to forget those who carved the 
steps leading thereto. 
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ATWATER KENT EARLY RADIO DEVELOPMENT 
THE MAHOGANY AND METAL BOXES 


By Ralph O. Williams, N3VT 
Orient, N.Y. 


INTRODUCTION 


During the time that the Atwater Kent radio receivers changed from the 
relatively simple detector-amplifiers to the docile three-dialers represented by 
Models 10 and 12, broadcasting was growing rapidly as a social force in the 
United States. Three aspects of this development deserve a closer look, since 
Atwater Kent saw this force as a significant factor in his business growth and 
market development. 

One important element in 1923 was the remarkable change in the nature of 
the programs which those Open Sets captured and played in America's living 
rooms. In that short time the content of radio reception went from items of 
only local concern to material of national interest. The impact of broadcasting 
was felt everywhere, as the living room became a theater, a sports arena, a 
window-on-the-world. For the first time, audience participation carried much 
the same emotional impact as attendance at live events. This new reality, and 
ihe awareness that the time was instantaneous, changed radio from an in- 
teresting novelty to a new form of communication and a social necessity. 


While the art of programming was maturing, a second aspect, the means by 
which highly regarded programs were aired, was also changing. The concept of 
a network of stations had been reduced to practice at about the same time that 
the Model 10 appeared, but in the beginning only two or three stations were 
tied together. During 1923 and 1924 the technology of transmitting high quali- 
ty material through wired circuits between distant cities had developed to the 
point that a network of 22 stations, stretching from New York to San Fran- 
cisco, brought a major campaign speech by Calvin Coolidge to the interested 
nation in October, 1924. 

The third element of broadcasting which changed significantly during the 
brief time period of the lifetime of the Atwater Kent open sets was the manner 
in which the medium was financially supported. In the beginning broadcasting 
was institutional in nature. Owners of most stations conveyed their product 
messages but did not make a practice of using their facilities to advertise some- 
one else's offerings. Station owners operated their equipment in the “public 
interest", e.g., concerts, church services, and lectures; but it was not 
customary to accept monetary compensation for the air time. Of course, when 
the station was owned by a department store or an electrical equipment 
manufacturer, it was used for advertising; but the fine point was that time was 
not sold to an outsider. WEAF, the technically superior station owned and 
operated by the American Telephone and Telegraph Co., was the pioneer that. 
broke with the owner-only tradition by renting the use of the station to 
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organizations that had messages to convey, but did not want to be in the 
business of operating a radio station. 

Looking back to the inception of paid radio advertising and studying the 
material written at the time, the idea arises that a moral issue was involved. 
There seems to have been a significant number of those interested who felt that 
the radio spectrum was public property and was not to be used for private 
gain, Purists declared that institutional advertising was wrong and wanted full 
‘governmental ownership of all broadcasting facilities. Such an approach was 
implemented in several European countries where the post office took over all 
forms of electrical communication. 

In direct opposition to this view were those who believed that making money 
by the use of radio was no different than using wires, as was done with the 
telegraph and telephone. There was a precedent for thi in the operation 
of the wireless message services, and historically, in America, individual in- 
itiative and development was the accepted approach to any new art or 
technology. 

The solution lay in the ready acceptance by the radio audience of programs 
whose ultimate object was to influence the listeners favorably toward the pur- 
pose of the sponsor. Popular opinion, operating in the market place with 
limited governmental intervention, curbed the potential excesses and shaped 
the practices of broadcasting in the United States. The manner of the develop- 
ment of this art form during the middle 1920's illustrated the vital American 
tradition of balancing private gain against the public interest. 


CHANGES IN THE AMERICAN HOME 


‘These changes in broadcasting which were taking place, were, in turn, being 
strongly influenced by the radio audience itself. “Radio” had entered the 
American home to become almost the necessity that the motor car was 
recognized to be. In the same way that wheels and roads opened vistas of the 
country by making private transportation easy, the strange box in the living 
room was opening the minds of America to the awareness that the people of 
the nation shared common interests regardless of wealth, position, occupation 
or locale. 

‘The public acceptance of radio had its reverse side, however. No longer 
would an expensive, capricious novelty be acceptable. The strange apparatus 
in the living room with its messy wires and inconvenient batteries had to go. 
Quality of production, conformal appearance, and ease of operation were 
demands that receiver manufacturers had to meet if they wanted acceptance by 
the general market. More than one brand, particularly those associated with 
local craft-assemblers, disappeared because of these new customer demands. 

During the transition from the simpler sets to the first of the Model 10 
receivers, Atwater Kent had been sampling the radio receiver market through 
automotive-electrical distributor organization. As the distribution of his 
radio receivers matured, he expanded his sales through music studios, high 
quality furniture stores and home furnishing outlets, always monitoring his 
product acceptance and the image that his company was building in the public 
mind. 
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Atwater Kent's market findings dictated the direction of his advances in per- 
formance, technical implementation, convenience and styling. Although the 
room was the “window” through which the marvel of 
broadcasting streamed, it had to fit into the family mileau. The Open Sets, 
when introduced, won a high level of customer acceptance, They looked very 
much like special scientific devices, perhaps not radios, since no sterotype of 
what a “radio” should look like had as yet emerged, but they were impressive 
instruments that served to give their owners a status in the listening communi- 
ty. At first, the distinctive appearance of the breadboards was the hallmark of 
having embraced wireless as a new way of life, but after a year or two that 
same quality became a disadvantage because it was so hard to integrate, 
Worse, when it came to housekeeping, the cleaning and polishing of the Open 
Set became an onerous chore. 

When a product such as a radio wears out and must be replaced, and when 
the technology it accesses advances at a rapid pace, the question of what the 
replacement should look like arises. Will the style conform and endure with 
only minor changes, like certain designs of living room furniture? Or will the 
replacement be so different in its styling that the original will be unacceptable 
because it has become old-fashioned? 

By late 1923 receiver technology no longer forced styling revisions in aj 

pearance. Further, if the radio had been well accepted in the living room, the 
listener did not demand major changes in what the new one looked like. 
However, Kent did not feel that the unique, striking appearance of his Model 
10 would continue to attract customers at the growth rate he wanted to main- 
tain, To his esthetic sensibility the Open Sets really looked like “radios”, but it 
appears that the business man in him could see that the products would not in- 
crease his image and lead to the sales expansion he required to keep the money 
coming in. Styling trends at the time were turning away from complexity, and 
while the age of art-noveau and art-deco had not yet appeared, a simpler styl- 
i did seem to mean increased acceptance, 
Because the three-dial receiver had solved the burning questions of selectivi- 
ty and interference, at least temporarily, Kent’s purpose in introducing a new 
line was purely to take advantage of styling improvements. Blending these 
ideas led to the Model 20, a very effective combination of unchanged, proven 
circuitry styled in a radically different embodiment. 


THE MODEL 20 


The survival rate of radios from the 1920's to the present, the mid-1980's, 
measures two factors about the radios. One is the number manufactured, and 
the second is quality. If a given radio was a good performer, it stayed in service 
longer and had better protection from replacement and the ravages of chang- 
ing customs. 

‘The Model 20 Atwater Kent receiver, particularly the first model, No. 4640 
(Fig. 21),* is the radio that almost every beginning historian recognizes and in- 


* Note: The fist twenty pictures of the Atwater Kent radio sets are in The A. W.A. 
REVIEW, Volume 1. The story continues here, with the illustrations starting at Fig. 21 
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Fig. 21. Model 20, No. 4640 


corporates in his collection. Their very high survival rate reflects directly on 
the mid-twenties acceptance of Kent's shift from his favorite Open Set to the 
new style which his acumen said would be the public preference. With the 
Model 20, sales and production continued to climb. Altogether, about 125,000 
open sets were produced with nearly half being made at the same time the 
Model 20 was being introduced in late 1924 and early 1925. By comparison, by 
the end of its production in 1926, almost 200,000 “big box" Model 20's had 
been made. 


Because the Model 20 is in so many collections, a detailed description of its 
pearance and circuitry is unnecessary in this article, Some less well-known of 
its characteristics, however, may be of interest. One surprising aspect is reveal- 
ed by comparing the Model 20 and the last of the Model 10 line, No. 4700, 
sometimes called the “Model 10 Compact"". Electrically, they were identical, 
even to the same circuit diagram and the same power and signal requirements. 
Mechanically, they appear to be quite different, but the arrangement of the 
tuning dials is identical, and the spacing between them and between the radio 
frequency transformers is nearly the same. The transformers were smaller (two 
inches in diameter instead of three) and their alignment was different, but they 
were identical in their electrical performance, 

The intriguing point about all this similarity is that a prototype Model 20 
was made and sold before the familiar version was in full production. The 
transformers on the prototype (Fig. 22) were the same diameter as those of the 
Model 10, 3 inches, and they were aligned identically. A close examination of 
the transformers and the mounting brackets reveals scribe marks, suggesting 
that the tuners were made in the model shop. The author conjectures that the 
new, smaller transformers were difficult to design and produce with the same 
inductances, turns ratio, losses and strays as those in the Model 10. The time 
that had been allocated to meet the production and marketing deadlines (and 
possibly Mr. Kent's patience) became short, so the larger coils were used tem- 
porarily 


“4 


Fig. 22. Prototype Model 20 Panel 


Another peculiarity of the prototype 20 was the nameplate. It was the one 
used on the five-tube unit produced for the Model 5. Again, this might have 
been the result of a production delay in the etching shop, but a more likely ex- 
planation is that the non-standard nameplate was the company internal identi- 
fication of the prototype 20, which was instantly recognized by the dealers but 
would not have offended the customers. It could be argued that a nameplate 
with a different marker color or a different serial number sequence could have 
provided the separate identification, but then what would have been done with 
those old Model 5 nameplates? 


Work on the design of the Model 20 must have started at about the time that 
the first Model 10, No. 4340, was current. The basis for this conjecture is that 
the big 20 and the first 10 were equipped with binding posts for connecting the 
power sources, but all subsequent 10's had power cords. This idea conflicts 
with the thought that the radio-tuner design appears to derive from the last 
Model 10. A possible explanation may come from the feature that 
distinguishes Atwater Kent's wood box sets from nearly all of their contem- 
poraries, the steel front panel 

If the design of the Model 20 had been started at the time of the cordless 10, 
and if the steel panel made the design of the tuned stages difficult, work on the 
small coils would have been going on in the laboratory when orthogonal coils 
were introduced in the later Model 10's, such as the 10B and 10C. Work on 
their transformers would have displaced the design of the smaller coils and. 
delayed their introduction still more. Getting uniform stage gains over the 
broadcast band while maintaining selectivity and avoiding regeneration had 
always been a difficult, cut-and-try process, which was grossly affected by 
removing the condenser cans and mounting the condensers on the steel panel. 
The laboratory people assigned to this design task must have been under great 
pressure, since the general mechanical design, production planning and 
material ordering went on in the ordinary course of affairs. However, the RF 
design was finally accomplished and it was very successful, since it survived all 
the way into the Model 30. 

With his strong mechanical-technology background, Atwater Kent was ever 
alert for ways to improve his products through the use of new materials, or by 
using standard materials in new ways. His exposure to the automobile indus- 
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try, occasioned by his successful line of engine-electrical products including ig- 
nition systems, starters, and generators, and his continuing friendships with 
people in that business, led Kent to apply their experience and methods to his 
radio manufacturing, Two major developments in automotive manufacturing 
in the mid 20's were potentially valuable; machine assembly and steel shaping. 
Of the two, steel shaping, the means by which the major structural carrier of 
the radio was formed from sheet metal, was the more important. This steel 
“carrier”, later to become known as the "chassis", enabled progressive 
assembly along a line by operators at fixed work stations. As the increasingly 
complete assembly was carried past each station, the operator would install his 
particular subunit on the main panel, 

Introduction of the Model 20 metal panel with its L-shaped, spot-welded 
subpanel was a milestone in the manufacture of radios in the 3-dialer days, 
Few other manufacturers used steel as the main body of their radios. Stewart- 
Warner, Grimes, and Cleartone employed steel panels but used brackets to at- 
tach a phenolic sub-panel which in turn carried the tube sockets, The Atwater 
Kent steel panel assembly carried the tuning condensers, the tube sockets, the 
audio subassembly, and the controls; in short, all the components. 


It is easy to visualize the assembly line, At one end, the painted panel started 
its journey. Perhaps the first steps were the installations of the filament 
rheostat unit and the antenna switch. Then, because of the closeness of the 
major subassemblies, the by-pass condenser was installed, followed by the 
radio amplifier tube sockets. The tuning condensers, with their coils attached, 
were installed in the next few work stations. The last unit was probably the 
detector-two stage audio amplifier. Part of the wiring was attached to each 
unit before it reached the production line. Some of the wiring could then be 
finished at stations adjacent to the mechanical installation stations. The re- 
mainder, those long wires that were run along the under side of the L-shaped 
shelf, were the last pieces on the nearly complete panel. After that, the finished 
unit went to the electrical test. 


OTHER MODEL 20's 


‘The big Model 20, with its crinkle-painted, brown steel panel enclosed in a 
dark brown mahogany cabinet, is generally regarded as the best example of an 
early Atwater Kent table model receiver. Although that version of the Model 
20 was the predominant receiver made in the brand new Wissahickon Avenue 
factory during 1925, several variations were also produced. One was the fully 
assembled and tested steel panel, not installed in a cabinet but packed directly 
into the shipping carton, and identified as the “Model 20 Panel", Part No. 
4670. This variant illustrates another interesting facet of the operation of the 
company; viz., a response to the market demand for console radios instead of 
table models. 

Kent was a strong entrepreneur, This quality extended over the many 
business areas of his life, some of which have been identified earlier. The 
cabinet used for the big Model 20 exemplifies an area where his strong views 
became the direction his company took. He liked plain, solid wood construc- 
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Fig. 23. Model 24, No. 4920 


tion, particularly in household items that had to embody both utility and beau- 
ty. He was equally emphatic on finishes, having a marked preference for 
carefully filled, hand-rubbed mahogany. More important, he felt that a radio 
had to relate its function and its form. All of these preferences led to ac- 
ceptance of the plain table model set and the rejection of the floor console. 

During the production of the early Model 10's, some boards were made 
available to other companies who marketed them independently. Customer ac- 
ceptance was moderate at best, with the result that Atwater Kent's preference 
1o stay out of the furniture business was reinforced. A good compromise 
among these views, while still making it possible to sample the potential 
market, was to make the Model 20 Panel available to other commercial firms 
for assembly into consoles or other pieces of furniture, for sale through their 
own marketing channels. An example was the Pooley Company, a major fur- 
niture manufacturer in Philadelphia. 

Pooley had used the 10B and the 10C in large consoles that included a loud- 
speaker and accomodations for batteries, Only minor changes were needed to 
created a new console radio that was based on the Model 20 Panel. Some 
present-day collectors question whether the Pooley Co. and Atwater Kent were 
independent, since much of Pooley’s advertising heavily emphasized the At- 
water Kent name. The policy statement from one of Pooley's brochures 
clarifies this point: “The policy of the Pooley Co. is to specialize in a line of 
work in which they have no peer - fine cabinet making - and they leave to train- 
ed Radio Engineers the designing and manufacture of the Radio Equipment 
which is built into Pooley Radio Cabinets. 


THE MODEL 24 


Another variation of the big Model 20 was called the "Deluxe" and 
sometimes given the designation ‘Model 24" (Fig. 23). Because it was based 
on a standard 20 panel, it was also referred to as a “Model 20D"'. At first 
glance, they appear identical, but closer examination reveals that the 
medallions and the milled-edge escutcheon buttons were finished differently 
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Fig. 24. Model 19, No. 4880 


on the two sets. On the Model 24, both decorative elements as well as the pull- 
switch handle were gold plated. 

For factory records and for billing, Model 24 had to have a separate part. 
number, so it was identified as No. 4920. The nameplate on the inside of the 
lid was identical to the big Model 20, although a special sequence of serial 
numbers may have been assigned to the several production runs that became 
the Model 24. The cabinet of the 24 was more ornate, having a molded edge 
top cover and a matching molded base. It was the first of the AK receivers to 
have feet instead of felt scratch pads. The popularity of the style seems doubt- 
ful, since the number of Model 24's produced was less than one-twentieth of 
the quantity of big Model 20's, and since the molded edges were not repeated 
in other wood box or the subsequent metal enclosed sets. The author conjec- 
tures that this version was an effort to sample the market; the result was a 
justification of Mr. Kent’s views on styling. 


THE MODEL 19 


Some localities in the United States were more favorable for radio reception, 
and for the “DX fan” a quiet location away from a population center was a 
must. The average listener, however, had by this time become more interested 
in program content and was not inclined to spend large amounts of time and 
money trying to capture strange or distant stations. A location near a city 
where the signals from several favorite stations were strong and where selec- 
tivity was not a controlling requirement meant that a radio with less capability 
than a standard 3-dialer might be adequate. A receiver having only one stage 
of radio amplification and a tuned detector could provide satisfactory per- 
formance and at the same time save the listener some money. 

For these customers, Atwater Kent produced the Model 19 (Fig. 24). It was 
advertised in late 1924 for $90, when the big Model 20 sold for $100. The styl- 
ing and design were based on the big Model 20, both mechanically and elec- 
trically, and like the big Model 20, it used the welded panel and shelf for in- 
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Fig. 25. Model 20C, No. 7570 


tegral strength, and binding posts for the power cable, However, the second 
radio stage was omitted, and the overall width was reduced from 26" to 20”, 

The timing of the introduction, three months after the big Model 20, in- 
dicates that there was no earlier prototype version, a tribute to the RF coil and 
tuner design, since the coupling between the antenna and detector coils was in- 
creased by removing the intervening stage. Because the Model 19 bears the 
same relation to the big Model 20 that the Model 9C does to the 10C, there ap- 
pears to have been some market for an “economy’’set. Model 19, Part No. 
4880, was manufactured in 1924 and 1925, but its production was limited, 
amounting to less than 6000 sets. Apparently, the market was not only small 
but fleeting, since no single-RF-stage receiver was later offered in the Atwater 
Kent line. 


THE MODEL 20 COMPACT 


In the development of the Atwater Kent receivers one concept recurs; it is 
the idea that smaller is better. The set identified as Part No. 4066 became 
Model 5 by enclosing all the circuit elements except the tuner in the S-tube unit 

The Model 10 series became smaller partly by improved circuitry, and partly 
by simple space reduction. The use of the welded-steel panel on the Model 20 
brought about further size reduction, this time in depth instead of width. 

Although the big Model 20 continued the potential for size reduction through 
more efficient mechanical design, the true benefit was revealed in the compact. 
Model 20C (Fig. 25). It used all the parts from the larger set, but enclosed them 
in a little less than one-half the volume. 


Several other changes were made in designing the Compact 20. The binding 
posts for power were replaced by a cable soldered in place, but more impor- 
tant, the operating conditions of the power output stage were improved. The 
type 201A tube used was designed to operate at plate potentials up to 135 volts, 
even though the earlier sets had used only 67 to 90 volts. For a given signal in- 
put at the grid of the last stage, increasing the supply voltage would increase 
the output, but it also increased the plate current excessively. Since battery 
energy was the main cost of operating a radio in the mid 1920's , a greatly in- 
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Fig, 26, Model 20C, No, 7570 Chassis 


creased plate current was not popular, However, applying the proper amount 
of grid bias sharply reduced the plate current without reducing the available 
output. At the same time, the bias permitted a higher output before distortion 
became objectionable. Bias was applied to the last audio stage in the compact 
20 by bringing out a separate lead from the secondary of its transformer to a 


tap on a "C" battery. 

The Model 20 Compact was a very popular receiver. Altogether, nearly one- 
quarter million were made. They were started in 1925 while the big Model 20 
was at the top of its production and continued into 1927. The first production 
Compact 20 was Part No. 7570; more than 163,000 of these were made, all in 
1925, The main portion of the second production run of the Compact 20 took 
place in 1926, during which a few more than 76,000 of the new Part No. 7960 
were assembled, The remainder, about 6,000 sets, were made in early 1927. 

Most of the differences between the two compacts were minor, One was in 
the color of one of the wires in the power cable; a blue C- wire on the No. 7560 
was green with a yellow tracer on No. 7960. Another was that the gold 
medallion on the front panel of the early set was changed to bronze on the later 
receiver. A third difference was a change in the filament circuit of the two 
audio tubes in the later set. They were fed through a fixed resistor instead of 
the rheostat in common with the detector, as on the early version, These three 
were hardly worth mentioning, but a fourth was significant. 

Vacuum tubes for home use in the early 1920's were held in their sockets by a 
side pin that engaged an L-shaped stot in the restraining cylinder (Fig. 26). 
Such a socket was substantially more expensive to manufacture than one that 
gripped the connection pins with spring clips. Therefore, the set makers 
prevailed on the tube manufacturers to increase the length of the connection 
pins enough to give room for the grippers. The desired improvement was ac- 
complished by the change from the UV to the UX bases in mid-to-late 1925. 
‘The Compact 20, Part No. 7570, like all the previous AK radios, was built with 
cylinder-type tube sockets, Part No. 7960, the later Compact 20, used shaped- 
spring contacts to grip the sides of the pins, thereby making electrical contact, 
and also mechanically restraining the tubes. The change was not reversible; the 
newer tubes could be used in both the old and the new sets, but the old tubes 
could be used only in the old sets. Such a limitation was unimportant to radio 
purchasers of the time; it only plagues collectors who have limited supplies of 
201A's for restoration work. 
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Fig. 27, Model 21, No. 7780 Chassis 


THE MODEL 21 


During the early-to-mind 1920's the Type 201A vacuum tube was developed 
into a reasonably reliable amplifier. However, it still had one drawback: the 
rechargeable battery required to light the filament. During the same period, 
another tube had been developed to ease the problem. It was the Type UV199, 
powered by a series of three 174 volt dry batteries such as the No. 6 cell. While 
this tube required only 1/6 the amount of filament current as the 201A, it is 
doubtful if the cost of operation was lower, since dry battery costs were high, 
but they were much less messy to use. Also, without the necessity of the fre- 
quent recharging required by the wet cell batteries used with the UV201A. 
tubes, radios with the UV199's were more convenient to maintain in the home. 

To take advantage of this tube, in the summer of 1925 Atwater Kent in- 
troduced a compact receiver based on the Model 20; Model 21, Part No. 7780. 
It was nearly identical to No. 7570, with the main difference being the tube 
sockets, which were of the smaller size required for the smaller tubes (Fig. 27). 
The resistance of the filament rheostat was increased to enable the reduction of 
the 4.5 volts from new batteries to 3.3 volts, the limit for filament voltage if 
the risk of emitting-surface-deactivation was to be avoided. Model 21 must 
have not had much appeal to customers since its total production as given by 
the factory figures was only 17,584 during 1925. The figures for 1926 show no 
production, only returns of 7,208. This indicates that only about 10,000 Model 
21 receivers were put into household service, a very poor showing compared to 
the various Model 20's. Since no other radio using either UV199 or UX199 
tubes was made by Atwater Kent, one is led to conclude that only RCA was 
willing to utilize that type of tube, even with its advantage in reduced filament 
energy. 


THE MODEL 30 


In the steady progress of making conservative, reliable, convenient radio 
receivers, several major advances still remained to be achieved. One of these 
was single-dial tuning. The technology was within the grasp of the high- 
precision manufacturers in 1925. The basic problem was to produce a suffi- 
ciently precise system to permit the ganging of the several tuning condensers 
that were required for selectivity. The specific problem occurred at the high- 
frequency end of the broadcast band, where the unmeshed tuning condenser 
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Fig. 28. Model 30, No. 7950 


contributed only a small part of the total resonating capacity. Large variations 
in that small total capacity, caused by variations in the circuit elements, would 
detune one or more stages in a ganged system and desensitize the overall radio 
circuit beyond acceptable limits. 


Condensers could be made very precisely so this factor was relatively easy to. 
control. Another part of the problem was in manufacturing uniform interstage 
transformers. While this was a little more difficult than making condensers 
that were exact duplicates, it was accomplished with accurate coil-form pro- 
duction and careful operation of the coil-winding machinery. 

By using the same kind of precision for the design and the wiring of the 
receiver itself, the set manufacturer could control the stray circuit capacity 
‘The problem that remained was the variability in interelectrode capacity in the 
vacuum tubes used as the radio amplifiers. However, by 1925 the amount of 
parameter variation in the tubes sold by the Radio Corporation had been 
reduced to small fractions of the specified valued. Capacity changes from tube 
to tube were so small that interchanging them between stages or replacing them 
for reasons of wearout did not noticeably reduce the performance of the radio 
amplifiers in a gang-tuned radio. 


The necessity of single-dial tuning was clearly recognized by Atwater Kent 
before all the mechanics were reduced to practice. Comparison of Model 30 
(Fig. 28) with the Compact 20 shows how the major changes incorporated in 
the Compact 20 anticipated gang-tuning. The shelf that was welded to the 
front panel of the Compact 20 to carry the tube sockets was easily widened by 
24 inches to carry another tube for the Model 30. It was also made deeper by 
about 1/2 inch to move the sockets away from the front panel. A second panel 
was used to carry the three condensers, instead of mounting them on the front 
panel, so they could be ganged with bands (Fig. 29). The second panel was 
fastened to the shelf with screws so that it was spaced about 1/2 inch behind 
the front panel, and in the space a pulley was fastened to each of the condenser 
shafts. The pulleys in turn were banded together by phosphor-bronze loops so 
they turned as a single unit, with the shaft of the center condenser brought out 
through the main panel to give manual control over frequency selection. 
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- 29, Model 30, No. 8000 Chassis 


Patent No. 1, 668,155 was issued to Atwater Kent in mid-1928 for 
of ganging. 

When Model 30 was introduced, radios were not built with excess gain that 
could be used to make up deficiencies in their circuitry or in the antenna 
system. Long, high antennas carefully coupled to the first amplifier stage were 
still the accepted method of capturing radio waves. With all the different ways 
that radio fans built and maintained their antennas, and with the strong effects. 
on circuit tuning which the reactances of the different antennas had, gang tun- 
ing had to take special measures to keep the first tuned amplifier working up to 
its capabilities. 

Some manufacturers ganged only the second and third tuners, leaving the 
first tuner to cope with the antenna variability. Other manufacturers incor- 
porated clutches on the tuner shafts to permit ‘tweaking’. In designing Model 
30, Atwater Kent chose to use an isolation tube to separate the antem 
from the tuning system, consequently reusing the entire tuning circi 
Compact 20 without change. The antenna was connected directly to the grid of 
the isolation tube with a return to ground through a close-wound choke. The 
output of the isolation stage was fed through the primary winding of an i 
terstage transformer which had the same characteristics as all the other tuned 
transformers 

Atwater Kent went directly from the three separately tuned circuits of the 
‘Compact 20 to the banded-gang of three condensers in Model 30. Since these 
were originally taken directly from the big Model 20, it may be conjectured 
that part of the transformer-coil difficulty that led to producing the prototype 
20 in early 1924 was caused by trying to anticipate the design of gangable tun- 
ing circuits. The word ‘directly’ is used to emphasize the point that the early 
work on the 20 series was so successful that the Model 30 was built using the 
same condensers, radio frequency transformers, orientations, and spacings ex- 
cept for the old antenna transformer. That coil had to be modified slightly, 
because with the same orientation as it had on the Model 20, it had to be 
shortened by nearly 1/2 inch and rewound with smaller wire in order to fit into 
the mahogany box that first housed the Model 30 (Fig. 30). 

That particular mahogany box impels the author to comment: Part of the 
fascination that keeps historians of the radio art chained to their studies is that 
every once in a while the artifacts will point to a human trait that is shared be- 
tween the observer and the subject. Just such a quality is revealed by the cabinet 


is method 
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Fig. 30. Model 30, Second Version 


of the first and second versions of the Model 30, which was also the one which 
was used on the Compact 20. Apparently at the time the Model 30 was ready 
for introduction, Kent felt that the sales of Compact 20's would drop, leaving 
a substantial inventory of unused boxes. It appears that Mr. Kent was as much 
of a saver as most of us are today, particularly with our old AK parts, Most 
collectors have heartburn over discarding just one cabinet, especially if it re- 
tains the original finish. The author sympathizes with Mr. Kent. 

Because they were not quite deep enough for the Model 30, the old cabinets 
were changed in two ways; recesses were cut in the rear wall for the coils, and 
the old antenna and ground holes were plugged. New holes were bored in line 
with the untuned amplifier stage terminals. While the cabinet with its changes 
was dramatic evidence of inventory reuse, it was only one of several. 
Altogether, there were four versions of Model 30 receivers, but only the first 
two used the Compact 20 cabinets. These were recognized by their nameplates 
which had yellow colored AK circles. The first of the two versions used up the 
cylindrical tube sockets from the Compact 20 stock, and was identified as Part 
No. 7950. The second used push-pin sockets and was identified as Part No. 
8000. The parallel with the two compact 20's is strong enough to suggest that 
the idea of using up old inventory was a basic tenet in Atwater Kent’s factory. 

The first two versions of Model 30 were put into production in November, 
1925, and were tallied in the production figures for 1926. Shortly thereafter, a 
third version was produced (Fig. 31) which merely replaced the old too-tight 
cabinet with one about 3/4 inch deeper. It was given a different nameplate, 
this time with an orange fill for the AK circle. The sockets were the same as 
those of the 2nd version, the push-pin type. Whether the part numbers men- 
tioned above followed the socket style or the nameplate color is problemati 
because the published parts lists carry only Part No. 8000 for all three ver- 
sions. The production figures also lumped this version into the total count of 
99,000. 


MODEL 30A 


The 4th version, Part No. 8000-A (Fig. 32), was substantially different in the 
mechanical design of its radio amplifier. The variation was not large enough to 
generate a new model number, but neither was it small enough to keep the old 
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Fig. 31. Model 30, Third Version 


Fig. 32. Model 30A, No. 8000-A. 


one. A compromise resulted in its identification as Model 30A. A new set of 
smaller coils and a new construction of condensers that were free of expensive 
bakelite castings formed the basis of the new design (Fig. 33). Because of the 
use of the new radio amplifier design on subsequent sets, e.g., Model 35, it will 
be described then. The rest of the Model 30A - the cabinet, the detector-audio 
amplifier, the general performance, and the nameplate - remained the same as 
those in the 3rd version. From the outside the Model 30A was quickly 
recognized by the larger medallion on the front panel and the way the rheostat 
unit passed through a large hole punched in the front panel 

Available information on production quantities does not tabulate Model 
30A explicitly. Because of its introduction so late in 1926 (November), the 
author assumes that the production figures for 1927 implies the Model 30A. 
There may have been a few of the third version of the Model 30 included in the 
listed quantity, but the number must have been small. The 1927 quantity was 
21,500 radios, making the total of all the versions of Model 30 cabinet sets a 
few more than 120,000. In addition to the cabinet models, Atwater Kent pro- 
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E ^ Fig. 33. Model 
30A Chassis 


duced panel-only Model 30 sets that other manufacturers installed in consoles 
and other furniture. In all, about 39,000 Model 30 Panel sets were made. 


THE MODEL 32 


Between the production start-up times of Models 30 and 30A, another close- 
ly related receiver was added to the total sales line, It was Model 32, Part No. 
8270, introduced in May, 1926 (Fig. 34). Model 32 had strong similarities to 
the 3rd version of Model 30, but it was more sensitive because another tuned. 
radio amplifier stage had been added. The cabinet was extended by 3% inches 
to 2314 inches to give room for the extra bakelite mounted condenser. It incor- 
porated four radio amplifiers and a detector, and all four of the interstage 
coupling transformers were gang-tuned. The big difference between this set 
and all the earlier ones was in the design of the radio transformer coils. On 
Model 32, the transformer coils were binocular pairs (Fig. 35), 


Coupling between the radio amplifier stages in receivers as compactly built 
as the 30 series would have been predominantly inductive. Reduction of that 
coupling was accomplished in the later Model 10's, the 20's, and the 30's by 
orienting the coils orthogonally. Another method was part of the Neutrodyne 
system, in which the coils were inclined at a particular angle. Model 32 used a 
third method, binocular coils, where the field of one coil in a parallel pair was 
somewhat confined by the action of its mate. The result was that the external 
field several inches away from the pair was too small to cause difficulty in ad- 
jacent pairs. Consequently, all pairs could be mounted on the variable con 
densers without concern about their orientation 


Fig. 34. Model 32, No. 8271 


M Fig. 35. Model 32 
Chassis 


Today, the calculation of binocular transformer parameters, ¢.g., field con- 
finement, coefficients of coupling of mated coils and of adjacent pairs, and ef- 
fective turns ratio can be done quite precisely using computer approximation 
techniques. Before computers, reasonably accurate estimates could be made 
using empirically established formulas, but in the mid-1920's the only practical 
way to design binocular transformers was with experiments on real parts. The 
Atwater Kent laboratory was assigned a hard problem in the design of Model 
32's radio amplifier section, especially considering the four transformers. The 
people who solved that problem must have felt good about their work when 
the design survived into the day of the electric sets 

Model 32 was also produced in a panel-only version for assembly in cabinets 
or consoles not made by Atwater Kent. The total number of both versions, the 
cabinet and the panel sets, was almost exactly 38,500, of which all but a few 
were made in 1926. The whole production run was completed in less than a 
year. At the same time, other 30 series sets were being made in much larger 
quantities, This indicates that Model 32 was a specialty set offering the extra 
amplification that was most effective in rural locations where all stations were 
faint, With a strong station, the set must have been difficult to control since 
the only means of signal reduction had to be either filament starvation or 
disabling the antenna. 


THE MODEL 33 


During the development and early production of the single dial receivers in 
the first part of the 30's series, several approaches to the antenna detuning pro- 


Fig. 36. Model 33, No. 8930 
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Fig. 37. Model 33 Chassis 


blem were implemented. Model 30 used an isolation tube; Model 32 continued 
with the isolation tube and added a radio frequency amplifier. While this com- 
bination enabled the user to cover any situation, it was more expensive than 
necessary. Model 33 (Part No. 8930, Fig. 36) utilized another method to solve 
the detuning problem; eliminate the isolation tube and still retain the radio fre- 
quency amplification. A trimmer capacitor was added across the secondary of 
the antenna tranformer and a tap was made in its primary. With these two ad- 
justments most of the antennas used in the mid-to-late 1920's could be accom- 
modated. 

Model 33 used four tuned, binocular radio-frequency transformers, one of 
which used the tap for long or short antennas. Otherwise they were identical to 
one another and very similar to those on Model 32. The three amplifier stages 
and the detector were tuned by newly designed ganged condensers that were 
similar to those used on the Model 30A. They were mounted on a L-shaped 
‘sub-panel about 20 inches wide which was screwed to a pair of brackets, which 
were in turn welded to the back side of the main panel. This, too, was similar 
to the arrangement of Model 30A, but four inches wider. 

‘The shaft of the trimmer was brought out near the left end of the main 
panel. A small uncalibrated knob enabled the listener to trim the Model 33 for 
maximum sensitivity if that was needed, or to use the trimmer as a primitive 
volume control. The trimmer was a single plate that rotated alongside the 
stator of the first tuning condenser. 


Model 33 was introduced in May of 1927. By the end of that year 70,000 had 
been produced, along with more than 38,000 of the panel version. Model 33 
was the last of the battery-operated, mahogany-box AK sets. It successfully 
replaced the Model 30 series by providing more sensit h the same 
number of tubes at only a small difference in price. It listed for $90, while at 
the same time the Model 30 sold for only $10 less at $80. The year before, 
when Model 32 was at the top of the line, Model 30 was sold for $85 and 
Model 32 was listed at $140. 

Model 33 was successful in another way. It provided the basis for the other 
major development in radio operating convenience, house power instead of 
batteries. No major changes except for tube types were required to adapt it to 
alternating current operation. With a power supply unit it reappeared in the 
Atwater Kent line for 1928 as the Model 36. 
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Fig. 38. Model 35, No. 8100 


THE MODEL 35 


In telling of the development of Atwater Kent radio receivers, the author has 
chosen to use a brief technical review of each set as it appeared on the scene, as 
a way to give order to the story. Where a major change in the technology of 
radio design or of manufacturing capability took place, it has been illustrated 
by describing the changes to the radio sets that were affected, e.g., ganging the 
tuners. Where a major change in the expectations of the general radio listener 
or in the content of radio programming came along, it too has been related to 
the radios current at the time, e.g., spreading the broadcast stations across a 
wide spectrum. The effects of styling trends have been described when they 
became apparent, e.g., changing from the Open Sets to the simple mahogany 
boxes. 

In the fast-paced twenties, more influences like those above became strongly 
apparent in the American scene, and their near-simultaneous impact r 
altered Atwater Kent’s response to the whole new way of life called 
Model 35 stands as undeniable evidence of these extensive changes. For in- 
stance, during the late 1920's, there was an acceptance in the United States of 
machine-shaped steel that was almost a love affair. 


The last part of the decade was the time when automobile bodies went from 
coaches made with large amounts of wood in their structures to large panels of 
contoured steel that were welded together to make complete bodies. It was a 
time when stoves changed from cast-iron affairs that had been in vogue for 
cooking since women knelt before their fireplaces to ranges made of stamped 
steel panels. It was the time when the refrigerator with its dramatically shaped 
steel compartments replaced the ice box. Without stamped, punched, shaped 
steel none of these would have been available to change the way of life of the 
‘general public. Atwater Kent recognized that this technology could and would 
be used to make a modern radio. 

‘The advances that were wrought in appliances and automobiles would not 
have come about if the public weren't ready for major changes in style. A 
revolution in clothes, in art, and in architecture was quietly taking place. 
Radios in wooden boxes that had offered the traditional comfort of familiar 
furniture could be displaced by unfamiliar shapes and finishes. The era of 
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art-deco was just around the corner, and Atwater Kent recognized that a new 
style for radio receivers would have great appeal. 

In looking at the first part of the 1920's and examining the almost revolu- 
tionary ways that Atwater Kent had already used shaped steel to reduce 
manufacturing costs, and at the same time to increase product reliability, a 
historian is led to ask what came next. Surely the new ways that machine tools 
were being used in the automobile industry would have inspired Atwater Kent 
to use them in his factory. Equally surely, his market perception and his 
business acumen would have guided him to a marked excursion from the wan- 
ing style of contemporary radios. Model 35 exemplifies these influences 
superbly, by showing how a new art form constructed from new material on 
efficient new machinery found a secure place in the public's affection. 

When viewed from the vantage of the user, Model 35, Part No. 8100, 
presented an entirely new appearance for a radio (Fig. 38). The soft curves of 
its case, faintly reminiscent of the ogee that marked the breadboards, but given 
à modern touch by the vertical section between the curves, was a sharp con- 
trast in style to any of its predecessors in the Atwater Kent linc. Although its 
shape was unique insofar as any other receiver was concerned, the way the 
nearly flat top flowed into the sides and the way the bottom flared to join the 
plane of the supporting surface may be found in some of the minor dress 
panels of contemporary automobiles. 

Had the shape that distinguished the Model 35 been very difficult to pro- 
duce, it might never have been brought to market. The opposite was true; the 
shape was moderately easy to draw using ductile sheet steel. (‘Drawing’ is the 
metal forming process that presses a flat sheet into a three-dimensional figure, 
such as a cup.) Because the depth of the Model 35 case was about equal to 
height, the draw to make it was considered deep. This meant very careful con- 
trol of metal stretching and called for several separate steps. The corners pro- 
bably determined how difficult the drawing process was and consequently how 
much the drawing dies cost. Briefly the steps would have been (and if the 
author has analyzed correctly, they were): stamp out the blank, about 18 x 29 
inches; make the first draw to get a pan, 12 x 23 inches and three inches deep; 
make the 2nd draw to get a box near the final size; make the 3rd draw to come 
to the final size and flare the edge. Finally, several piercing steps were per- 
formed to punch out the holes in the sides for the dial, the connections, and 
the filament control. 

Since each of these steps was done on a separate press and since the process. 
was quite different from the simple stamping, piercing, and folding required 
for the other models in the 30 series, the investment in new presses and dies 
must have been very large. As many as 20 different presses were required to 
perform all the sequential steps necessary to make the Model 35 case, and 
another ten were needed to fashion the other parts such as the brackets, the 
bottom, and the condenser sub-panel. Altogether, a minimum line of 30 
presses would have been set up for one complete cycle. If the presses could 
each have produced one stroke per minute for a full eight hours, they would 
have piled up a few less then 500 cases in one day. In a year at that 
unbelievable rate, 125,000 sets would have been produced. But in a single year, 
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Fig. 39. Model 35, Bottom 


1926, 200,000 Model 35 radio sets were manufactured. 

To meet that production, along with the other sets that were manufactured 
at the same time as the Model 35, more than 100 presses must have been on- 
line and running at their optimum (not maximum) rates. Model 35 was the 
precursor of the Model 40 series, the metal box receivers. The rate of produc- 
tion of the latter was even higher, and required still more presses. When the 
factory closed in 1936, there were over 400 presses to be disposed of on the 
resale market. 

Model 30 introduced one-dial tuning. Its fourth version, Model 30A, was 
the same electrically as the others but with a substantially changed mechanical 
design. Model 35 was almost identical to the 30A, and both were designed 
around a new L-shaped sub-panel. The earlier Model 30 condensers were 
replaced with a new design based on a single stamped and folded end-plate. 
Only one rotor bearing was used, but it was strong enough to cantilever the 
rotor. With no rear end-plate, the radio frequency transformers had to be 
mounted independently of the condensers. This was accomplished by molding 
a thin bakelite strip for the three radio amplifier tubes, leaving enough space 
between the tubes for the transformer mounting brackets. The coils of these. 
transformers were also changed to reduce their diameters and to decrease the. 
size of the winding wire. The transformers were still arranged orthogonally 
with the direction of each coil the same as before. 

The most important change in going to the new design for Models 30A and 
35 was the replacement of the welded shelf with an L-shaped sub-panel that 
was really an independent internal chassis. This new chassis was made about. 
two inches narrower than the welded shelf of the other versions of the Model 
30. It carried all the internal parts of the receiver, including the rheostat unit, 
and was screwed to welded brackets on either end of the front panel of Model 
30A or.the case of the Model 35. 

The use of the L-shaped chassis ushered in a new approach to radio 
manufacturing. A major styling change, intended to meet the changing market 
trends, no longer implied a redesign of the entire receiver. By making the inter- 
nal operating elements of the receiver completely separate from the case and its. 
appearance items, Atwater Kent put into practice a concept that later emerged 
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as the chassis-and-cabinet configuration of all radio sets. This idea is not 
startling until the collector considers that virtually the same chassis, designed 
in 1925, appeared in Models 37, 40, 41, 42, 43, and several others in 1927 and 
1928. 

In designing the Model 35, the case was made just wide enough to accom- 
modate the internal chassis. Model 35 was therefore the smallest radio set pro- 
duced by Atwater Kent in the 1920's. Its internal arrangement was similar to 
Model 30A except that everything was upside down. That put the tube bases 
up and required that the pin grippers do all the work of holding the tubes in 
place. To avoid the bad effects of a rough edge at the bottom of the flare, a 
rectangular base was designed. It fitted closely inside the case, and had a 
smaller rectangular opening to give access to the tubes (Fig. 39). Four pads in 
the corners of the rectangular base protected the surface on which the radio 
was used. 


Four versions of Model 35 were produced. The first two had cases that were 
pierced on the left side for the power cable and on the right side for the anten- 
na and ground wires (Fig. 40). The name plates had an orange fill in the AK 
circle. The difference between these two was in the decorative buttons in the. 
corners of the top of the case. The first version used the same milled-edge, cir- 
cular buttons that had been used on all sets since the big Model 20. The 2nd 

nd later versions of Model 35 were fitted with a new design that incorporated 
the curved-square motif that characterized Model 35. 

The last two versions had cases in which the sides had no holes. On these, 
the power cable, the antenna and ground wires, and the speaker wires came 
through holes in the rear (Fig. 41). These rear-hole versions had nameplates 
with yellow fill in the AK circles. 

There was another difference among the four versions of Model 25; the 
number of plates in the variable condensers. In the first three designs, the total 
number of plates in each condenser was 13. In the last, which had serial 
numbers higher than 900,000, the condensers had 17 plates. Since all the sets 
tuned the entire broadcast band, the transformers must have had different in- 
ductances in their grid coils, 


Fig. 40. Model 35, 
First Version, Rear 
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Fig. 41. Model 35, Second Version, Rear 


Radio historians, looking back at Atwater Kent's production, accord to 
Model 35 another recognition. This set included the 1,000,000th receiver made 
by the factories that started on Stenton Avenue and expanded into the new 
facilities on Wissahickon Ave. Number 1,000,000 must have been made early 
in 1927, since the factory totals for the years up to and including 1926 were 
almost 985,000. In 1927, 122,000 additional Model 35 receivers were produced 
along with the other popular battery set, the Model 33. 


CONCLUSION 


The major influences on radio development, technical, social, and 
‘manufacturing have been related to the particular radios where their effects 
became apparent. The last major influence, house power, was making itself 
felt in a moderate way in 1927; it would revolutionize radio receivers within 
three years. The limitations of space have made it necessary to postpone a 
review of this last influence. How Atwater Kent used the customer demand for 
electric sets to become a still greater force in the radio business will be taken up 
in the next part of this story. 


Photos: R.O. Williams 
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Editor's Note: Stuart Meyer, W2GHK, joined the Hammarlund Manufacturing Co. in 1960 as 
Chief Engineer, subsequently rising ro Vice-President of Engineering, Senior Vice-President, and 
President. He retired from Hammarlund in 1966. 


While there he was predominantly responsible for broadening the produc line 10 include land 
mobile two-way radio and high frequency single-side-band fixed point-to-point equipment. This 
story of Hammarlund Radio follows his personal appearance before the Antique Wireless 
Association's annual meeting at Canandaigua, N.Y., in September, 1986, and his presentation, 
“Hammarlund Radio—The Man and the Equipment 

RMM. 


The founder of the Hammarlund Manufacturing Co., Oscar Hammarlund, 
was born in 1861 in Stockholm, Sweden. As a student he won the admiration 
of his classmates as well as high honors for his engineering ability. After com- 
pleting technical college he went to work as a special tool designer and inspect- 
or of electrical instruments for the L.M. Erickson Co. of Stockholm, a leading 
manufacturer and the originator of the french-type telephone. Shortly after 
taking this job, he received an offer for a similar position with the Elgin Watch 
Company in the United States, and accepted the opportunity to come to this 
country. He arrived in 1882. 

His outstanding engineering achievements at Elgin attracted the attention of 
Western Electric Co. offi 1886 he joined W.E. as superintendent 
of their Chicago plant. Six years later he left W.E. to go with the Gray Na- 
tional Telautograph Co. (later known as the Telautograph Corporation) which 
was then engaged in the development of the Telautograph. As the design 
engincer and plant superintendent, he spent many years with Elisha Gray, the 
co-inventor of the telephone, and was able to follow the early history of 
wireless development. 

The ""Telautograph" was a device designed to electrically transmit writing 
by varying a DC current over a wire. However, many problems were en- 
countered by Gray in the designing and building of this unique instrument. 
After working out most of the details, he found that the frequent failures and 
dulling of the stylus or pencil at the remote end seriously handicapped the en- 
tire system. 

Oscar Hammarlund received the assignment to design a means of overcom- 
ing the handicap of the troublesome stylus. He solved the problem by develop- 
ing a propelling pencil, and in so doing invented the present-day automatic 
lead pencil. At the time he didn't realize the ultimate possibilities of his in- 
vention. It was one of the first of many important items that he eventually was 
to create and see become highly successful products. 
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Mr. Hammarlund's interest in the advance of wireless communications was 
keen enough that in 1910 he decided to organize a company for the purpose of 
developing his own ideas. The initial success of the Hammarlund Manufactur- 
ing Co. was due solely to his painstaking research and struggle during the early 
days, but it was not until 1919, when radio broadcasting was about to become 
a reality, that Oscar Hammarlund had the opportunity to put the results of his 
early experiments to practical use. 

From that time forward the Hammarlund Manufacturing Co. had a sensa- 
tional series of “firsts”. Included among these was the first mid-line capacitor, 
standard in receivers for many years; the first “MC” and “APC” type 
variable capacitors, built originally for the small group of radio experimenters. 
of the 1920's; the first commercially-produced superheterodyne short-wave 
receiver; the first band-spread dial with the amateur-band calibrations; the 
first beat-frequency oscillator with the front panel adjustment calibrated in ke. 
Literally dozens of innovations and advances were incorporated in the com- 
pany's communication receivers, ranging from the early models to the famous 
SP-600 which was designed to be the finest receiver of its type available. 


Fig. 1. The famous Hammarlund APC capacitor, 
originally designed in 1925. 


For many years, before most of the present day radio and electronic 
manufacturers even existed, every wireless enthusiast and dabbler in electricity 
knew of Hammarlund, and amateur radio operators and experimenters turned 
to this organization for many of their needs. Based on several generations of 
experience and know-how, the Hammarlund Manufacturing Co. reached high 
levels of achievement during its lifetime. 

‘A scan back through the years discloses a history of tremendous growth and 
advancement. Unfortunately, much of it was never completely recorded and 
has been lost. The last facility of the Hammarlund Manufacturing Co., with 
its production line manufacturing capabilities and its bright modern offices, 
would seem unbelievable to Oscar Hammarlund in the early years after his 
founding of the company in 1910. 

The company was orginally located in a loft on Fulton St. in Manhattan. In 
order to provide work for his small group of skilled people, Hammarlund built 
a weird assortment of products, ranging from the ‘*Anti-Window Rattler'" 
which was merely slipped in between a window frame and the window to hold 
it tight after the wood had shrunk, to the “Bango”, a protection device in- 
serted in windows so that if it were disturbed during the night by an intruder, a 
blank cartridge would be set off to awaken the household. 

Other items manufactured in those days include twin liquor decanters, a. 
finger gauge for use by jewelers, precision metal measuring rules, mechanical 
widow displays, and metal watch cases. At one time they turned out air alarms 
for installation in ceilings as fire protection devices. This apparatus consisted 
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Fig. 2. Typical Hammarlund wireless components as shown in the 1932 
catalog. 


of a metal bulb in which was installed a diaphram; when the bulb became 
overheated, the diaphram expanded and set off an alarm at a distant location. 


Another early product, the *'Armagraph"', was used to train radio operators 
in Morse code. It consisted of a rotating disc in which notches were cut and 
over which glided a platinum tip contact. As the disc rotated, the needle hi 
each of the holes in turn and produced the sounds of the dots and dashes. Dur- 
ing the same time period, they were also producing a centrifuge used by 
medical laboratories for urine analysis. 


The first Hammarlund electronic-related product was the variable air 
capacitor developed in 1916, not as a product for a specific application but as a 
construction item for the experimenter who furnished the plans. Actually, the 
company executives had only a slight concept of its actual use. 

In 1920 Hammarlund moved the company to 18th St. in New York City; 
there were about 50 employees on the payroll. At the time he developed a new 
automatic machine for making spring clips to go into the tops of Christmas. 
decorations. The clip expanded to provide a support for the decoration, and 
today, as a result, this style of clip permits easier decoration of our Christmas 
trees. 


The company became well known in the 1920's for its Western Union call 
boxes which it manufactured by the hundreds of thousands. These small fix- 
tures were a part of nearly every business office. When someone wanted to 


Fig. 3. This 1925 Hammarlund- 
Roberts Kit Radio sold for $60.85, 
per advertisement in October, 1925 
QST. The cabinet was extra. 
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Fig. 4. The early Comet-Pro superheterodyne. Range was 15-250 meters; it 
sold in 1933 for $88.20, less tubes, but with built-in power supply. 


send a message, he would turn the crank on the call box, which would send a 
signal to the nearest Western Union office; a messenger would be sent over im: 
mediately to pick up the message. There were also double-throw knife switches 
as well as cordless table jacks for telephone systems, all of which marked the 
beginning of the definite swing to electrical products. 


In 1925 the company moved to 424 West 34th St. in Manhattan, where the 
first Hammarlund-Roberts Radio kits were built. These kits, designed for con- 
struction and broadcast listening by experimenters, incorporated capacitors, 
oils and other related items manufactured by Hammarlund. They were 
generally considered to be the finest and most successful kit-type radio 
receivers of the time, with the circuit technique ahead of nearly all ready-made 
receivers 


Also in 1925, the famous "'mid-line"'variable condenser, an innovation by 
Oscar and his son Lloyd, was developed as the most practical solution to the 
tuning problem at the high end of the dial. This design became standard in 
almost all home entertainment receivers, and remained in use until the advent. 
of electronic tuning. 


The first commercially produced short-wave superheterodyne, the Comet- 
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Fig. 5. Hammarlund Midline Capacitors. A. With the $50 to 1500 kHz broad- 
cast band of 1925, the dial was very open at the low end, and too crowded to 
read above 1000 kHz. B. Wavelength was used more than frequency in the 
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Fig. 6. The legendary ""Super-Pro"', on the left as the pre-war 10-meter version 
in 1937, and on the right as one of the several WWII military versions. The 
tuning unit is in the center. 


Pro, was a Hammarlund pioneered product. It was introduced in April of 
1932, and was designed as an eight-tube receiver covering the range of 14-200 
meters with four sets of two coils each. By 1936 the Comet Pro was in use all 
over the world by thousands of commercial operators, in broadcast stations 
and by many amateur radio operators. All the important expeditions included 
one as a part of their standard gear. 

In 1936 the first of the "'Super-Pro'" line was introduced after more than 
four years of planning and engineering. It featured two stages of tuned radio- 
frequency amplification, electrostatically shielded antenna coils, an improved. 
“Lamb” type crystal filter useable on both phone and single-signal cw, and a 
front-panel calibrated beat-frequency oscillator pitch control. Amplified 
automatic gain control of the IF amplifier and RF stages provided an ex- 
ceptionally flat audio output over a wide range of input signal levels. Initially, 
two versions were manufactured. One tuned from the low end of the broadcast 
band to 20 MHz, and the other started at 1250 kHz and went up to 40 MHz. 
Each band position had a frequency tuning range of 2:1. The variable band- 
width IF amplifier, another Hammarlund “first”, and the high-quality audio 
amplifier provided exceptional performance for the music lover. The separate 
power supply, as many a ham and former military operator can testify, was a 
challenge to the muscles of the user. 

Numerous articles have been published over the years in the various amateur 
magazines depicting modifications and improvements to the original Super- 


early days, and some manufacturers used straight-line wavelength tuning with 
negligible benefit to the user. C. As broadcast stations are separated by the 
same 10 kHz over the whole dial, the SLF capacitor gave the user uniform dial 
calibration. Unfortunately, the SLF capacitors were very microphonic and ex- 
pensive to make. D. Midline: A compromise between SLW and SLF. Dies are 
easy to make as the outline is a true radius. The shaft position is displaced to 
give an acceptable dial-frequency distribution. The microphonic problem is 
moderate to low. 
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Fig The popular 
“HQ-120”, as introduc- 
ed in December, 1938. 


Pro and its military versions. Some of these went so far as to eliminate the ex- 
ternal power supply, characteristic of the SP-100 through the SP-400, and 
replace it with a smaller version on the main chassis. Some years after World 
War Il, a company in the far East built a substantial business by selling 
reworked BC-779 and BC-1004 military versions of the receiver. A large 
number of the original receivers, including the BC-794, were made available 
through the War Assets Administration in 1946 for $101.00 each. 


Because the company had specialized in high-frequency capacitors for use in 
commercial and military equipment, nearly 90 percent of all American elec- 
tronic military gear produced during the early part of World War II incor- 
porated Hammarlund variable capacitors, until the other manufacturers could 
be taught the Hammarlund techniques and begin making them. At the peak of 
wartime production the famous Hammarlund “APC variable was produced 
at the rate of one million a month by ten different manufacturers. 


During the early post-WWII years, Hammarlund developed a product line 
designated “Centralized Operation Control", or “COC™. This was a basic 
system designed to control various devices from remote locations. The widest 
application was in wireline, microwave and land-mobile radio. This product 
enjoyed considerable popularity until the early 1960's, when it was overtaken 
by the more advanced digital systems. 


One of the most notable shori-wave/amateur receivers of all time was the 
Hammarlund HQ-120/129 series. The HQ-120 was truly ahead of its time 
when first introduced in December, 1938. It featured coverage from 540 kHz 


Fig. 8. The 1952 Super-Pro 600 
20-tube, double conversion, high- 
performance receiver. This is the 
IX model 
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to 30 MHz with calibrated amateur bandspread. This feature of calibrated 
bandspread, including a 300-degree readout scale, was an industry first. Other 
innovations pioneered by Hammarlund included a front-panel adjustable 
antenna trimmer, calibrated front-panel beat-frequency oscillator, and the 
famous multi-bandwidth crystal filter. The noise limiter was particularly 
useful on the higher frequencies. A special version of the receiver, designated 
the RBG, was built for the U.S, Navy. 

After the war, the HQ-120 was reintroduced as the HQ-129 and sold for 
$129.00, but the company lost money on the product and it did not stay at this 
bargain price for long. The receiver was basically the HQ-120 with a modest. 
styling change and a greatly improved series-gate noise limiter. Both versions 
of the receiver were truly pace-setting units at their inception, and a con- 
siderable number still remain in use. 

The SP-600, introduced in 1952, was an enhanced Super Pro covering the 
frequency range of 540 kHz to 60 MHz with a 0-100 arbitarily calibrated 
mechanical bandspread. The receiver provided for optional crystal control of 
frequency, and included a design feature which made it possible to use two 
receivers for diversity reception, tuned by the local oscillator of one receiver, A 
lower-frequency version covered 15 kHz to 540 kHz, and both models were 
widely used throughout the world for military, laboratory and commercial ap- 
plications, The SP-600 was not designed to be a ham receiver and therefore 
lacked calibrated amateur bandspread. However, many of these receivers have 
been used very successfully in the amateur radio service, 


Fig. 9. The HQ-145, 
showing the new cab- 
inet styling. It sold for 
$269.00. 


In about 1950 the basic cabinet styling of the Hammarlund receivers aimed 
at the amateur and short-wave-listener market was changed by using an extrud- 
ed rib around the outside of the front panel. Electrically, the single-conversion 
concept of the HQ-120/129 series continued in production through about 
1960, with a series of receivers designated the HQ-140, the HQ-150, and the 
HQ-160. These used the same basic tuning assembly which provided the fully 
calibrated bandspread of the 10-through 80-meter amateur bands. The HQ-150 
and HQ-160, in addition, employed a "'Q" multiplier sub-assembly with front 
panel adjustments appearing above the tuning dials. In 1956 the company in- 
troduced a lower-cost general coverage receiver, the HQ-100, with calibrated 
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Fig. 10, The 1955 PRO-310 receiver with matching speaker. 


amateur bandspread. This was supplemented with the HQ-110, basically the 
same receiver, except that it covered only the amateur bands from 160 through 
6 meters. 

Another receiver, the HQ-145, was intended to be an updated replacement 
of the models 120, 129, 140, 150, and 160 series. These were all single- 
conversion designs and thus suffered from image responses on the higher fre- 
quencies. To counter this problem, the HQ-145 used single conversion up to 7 
MHz, and double conversion above that. In retained the six-bandwidth selec- 
tion crystal filter along with a series-gate noise limiter, calibrated amateur 
bandspread and the front panel antenna trimmer, all of which did much to 
make its predecessors popular. This receiver had modest success in the market 
place, but never did capture the hearts of the hams and SWLs as did the 120 
and the 129. 

Unlike the 120 and 129, the HQ-145 had a built-in “Q” multiplier, and a 
later version, the HQ-145X, provided for optional crystal control of the first 
(local) oscillator stage. 


The first Hammarlund product to use printed-circuit-board construction 
was the PRO-310, introduced in 1955. It covered from 550 kHz to 35.5 MHz, 
and featured double-conversion and a constant-calibration band spread. Un- 
fortunately, the life of the PRO-310 was short with only one production run of 
1000 units, and it was last advertised in July, 1956. 

In the 1960's, Hammarlund produced the basic FAA airport tower control 
VHF AM receiver, designed for the 108-132 MHz portion of the spectrum 

The HQ-180 and HQ-170 receivers were introduced in 1959. These were con- 
siderably more sophisticated than prior models and incorporated a product 
detector and multi-bandwidth upper and lower-sideband selection with selec- 
tivity settings of 0.5, 1, 2, and 3 kHz bandwidths. The 180 model was a general 
coverage receiver while the 170 was a bandspread-only unit covering the 160- 
through 6-meter amateur bands. With the advent of this multi-bandwidth IF 
system, the company departed from the use of its multi-band crystal filter, 
with the sole exception of the one in the HQ-145 series. 


In 1964 the HQ-110 and the HQ-170 receivers were equipped with a built-in 
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1wo-meter converter and a six-meter nuvistor preamplifier (designed by Frank 
Jones, W6AJF). The bandspread dial was changed to include the calibration 
for the two-meter band. 

The Hammarlund receiver line of the HQ-100, 110, 145, 160, 170, and 180 
vintage had provisions for the installation of an optional clock to turn on and 
preheat the unit. This was popular in the days before the general trend to 
crystal-controlled-first-oscillator receivers, and helped considerably to reduce 
warm-up drift. Another step in this direction was used in the “A” versions of 
the HQ-170 and 180 receivers, which incorporated a stand-by filament 
transformer to keep the oscillator and first mixer tubes on continuously, The 
**A" models, in addition to having 110-120 volt power transformers as stand- 
ard equipment and dual audio outputs (3.2 and 500 ohms), also had a system 
socket so that a harness cable could coordinate them with the HX-150 single- 
sideband transmitter. 

Several years after the introduction of the HQ-170 and 180 receivers, the 
company produced a single-sideband adapter for use with earlier receivers of 
almost any manufacture. This consisted of the sideband-selectable multiband- 
width IF circuitry of the 170/180, together with a variable threshold limiter 
and an audio amplifier and built-in power supply. Two versions were offered; 
a compact desk-top unit for the amateur market and a rack-mounted version 
for use with the SP-600. The latter was bought by the FAA in modest quan- 
tities, 


Following through on improvements to the HQ-170/180 receiver line, in 
1960 Hammarlund introduced a "Lamb" type noise blanker. This device 
worked on Jim Lamb's original principal of punching a hole in the signal to 
virtually eliminate the effect of ignition-noise interference. A special version of 
this noise silencer, which was also marketed as a “noise immunizer", was 
developed for the Coast Guard for use with their numerous National HRO 
type receivers in the vicinity of LORAN stations. The device was extremely ef- 
fective in reducing LORAN pulse interference in the 160-meter band. 

Some miscellaneous products produced during the 1960's included a 
direction finder, the RDF-10, aimed at the small pleasure boat market, and an 
electronic keyer designated the HK1B. This solid-state unit offered straight 
keying, a “bug” mode of operation, and fully automatic dots and dashes. 

The HQ-125, the first and only solid-state receiver produced by Ham- 
marlund, was designed in the mid-1960"s by Lester Earnshaw, ZLIAAX, but 
did not go into production until 1967. This amateur-band receiver was com- 
patible with the Collins “S” line units which employed the same frequency 
generating scheme, thus making it capable of functioning in the transceive 
mode with the Collins transmitter. This receiver was produced in only limited 
quantities. 

A number of transmitters were produced. These saw only limited use until 
Hammarlund entered the market with single-sideband equipment. In 1960 the. 
HX-500 was introduced; this was a table-top, 100-watt output, single-sideband 
transmitter which also had FM and FSK transmission capability. This unit was 
probably too sophisticated and too expensive for the market at the time, and 
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Fig. 11. HX-S00 SSB transmitter Fig. 12. HX-50 SSB transmitter 


the HX-50 was introduced in 1962. It featured bandpass coupling of the driver 
stages, simplifying the tuning and band changing. The HX-50 had provisions 
for accepting a 160-meter kit, which also could be ordered installed at the fac- 
tory. This modestly priced unit used a crystal filter to eliminate the unwanted 
sideband. 

In 1964 the company produced a table-top linear amplifier, the HXL-1, a 
1500-watt unit with a built-in power supply for the 10-80 meter amateur bands. 
It basically matched the HX-50 in appearance and size, and its control cir- 
cuitry was compatible with most of the exciters and transceivers then on the 
market, including the Collins “S” line. 

Hammarlund entered the land-mobile two-way radio market in 1960, pro- 
ducing many units under the name "'Outercom"". The first one to go into pro- 
duction was designated the FM-50, a 35-watt unit covering the 150-170 MHz 
band. This was followed by the FM-60 with a frequency range of 25-54 MHz 
and a rated power output of 50 watts. The company also produced a high- 
band (150-174 MHz) 100-watt desk-top booster amplifier designed to increase. 
the power output of the FM-50. 

The "'Outercom"" land-mobile units featured a cascode receiver front end 
with high-frequency crystal lattice filtering. They had unusally high sensitivity 
coupled with improved adjacent-channel signal rejection, and were relatively 
immune to desensitization. The receiver section of the Outercom was also used 
as a high-performance monitor receiver with crystal-controlled channel selec- 
tion for the Public Safety, Industrial, and Land Transportation Radio Services 
in both the 25-50 MHz and 150-174 MHz bands. 

The FM-50 was made for the Coast Guard in a special version, designated 
the AN/URC4S, with six-channels and with a second receiver for continuous 
monitoring of the marine VHF emergency channel. 

Hammarlund built a substantial quantity of VHF FM “Village Radios" for 
the U.S. Agency for International Development (AID) for use in Viet Nam. 
Several versions of these radios were produced under contract and were later 
made available as land-mobile units for the commercial domestic market. 


The Citizens’ Band (27 MHz) radio market was entered in the early 1960's, 
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Lloyd A. Hammarlund — Fig. 14, Hammarlund plant at Mars Hill, N.C. in 
1965 

Photo: S. Meyer 
and Hammarlund was one of the first companies to offer a synthesized 
23-channel transceiver, also produced under private label for Lafayette, Allied 
Radio, and Radio Shack. In addition, the HQ-100 general coverage receiver 
was redesigned to include a one-tube transmitter modulated by the receiver 
udio section. This unit, designated the HWQ-10STR, was intended for single- 
channel transceiving in the 10-and I1-meter bands. A six-channel crystal- 
controlled unit was also produced for Business Radio and Industrial Radio use 
in the CB band. 

For forty years all of Hammarlund's activities were centered in New York 
City, but in the early 1950's a phased move to western North Carolina was 
begun. The first manufacturing at the new Mars Hill, N.C., plant built in 1951 
involved the variable air capacitor line. With additional space provided by an 
expansion in 1959, the manufacture of receivers and other accessories was 
transferred, leaving engineering, accounting and general management in New 
York until 1965, when the remaining company functions were moved south: 


This major addition to the Hammarlund manufacturing facility brought the 
production space up to approximately 100,000 square feet. The plant was fair- 
ly self-sufficient, producing a number of screw machine parts and mechanical 
components. A complete plating facility, a paint shop, and a silk-screen 
capability for panels minimized dependency on outside vendors. 


Oscar Hammarlund's management style was ‘‘family-like"; he frequently 
visited the production lines and knew every person who worked for him by 
name. He passed away in 1945, The company, however, continued to flourish 
under the direction of Lloyd Hammarlund, his son. 


In the late 1950's Hammarlund was sold to Telechrome, which several years 
later sold out to Giannini Scientific. In the latter 60's the company was again 
sold, to the Electronic Assistance Corporation. But this sale was final. The 
product line was sold off in parts or phased out. Thus ended the golden years 
of one of the most respected names of the Electronic Communications In- 
dustries. 

My sincere thanks to Frazier Hammarlund; Bob Fisher, W2HEL; Frank 
Lester, W4AMJ; Bob Miller, W4AEY; and Bob Morris, W4KXW for their 
help in preparing this material 
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A CENTURY OF TELEGRAPH KEY DEVELOPMENT 


By Louise Ramsey Moreau, W3WRE 
Glenolden, Pa. 


The history of communications is actually the record of man's many at- 
tempts to reach out beyond his visual and aural limits to receive and to send in- 
formation. From simple fire beacons, drum signals, the earliest heliographs, 
and flags, through the mechanical semaphore that began in France and spread 
throughout Europe, and to the various needle telegraphs in England, each was 
effective for its time. And each was an improvement over earlier systems. 
However, except for the needle telegraph with its handle that could be twisted 
to the left or right, not one employed a simple easily operated instrument to 
transmit intelligence until May, 1844. At that time, only a few weeks before 
the Washington-Baltimore demonstration, Alfred Vail gave communications 
the first key as we now know it, or as Morse called it, “The Correspondent”. 

Vail, in the process of testing the wire in preparation for the experiment, 
discovered that it was much simpler to send the message by opening and clos- 
ing the circuit. His first "key" was actually just a strap key, all brass, even to 
the contacts, but it was the one used on May 24, 1844, 

During the next six months Vail experimented with the first crude "'Cor- 
respondent", attempting to realize and smoother operation. By 
November, 1844, he had arrived at the basic pattern of every key made since, 
described as "a lever acting upon a fulcrum”. It, too, was all brass, with a 
spring placed almost as an after-thought to keep the contacts from closing. 


Fig. 1. Alfred Vail's “Lever Correspondent"', November, 1844. 
Photo: Smithsonian Institution 
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Interestingly, while that particular style with the straight lever lasted for just 
four years before new designs emerged, because of the personal preference of 
some operators, its use and manufacture continued throughout the 19th cen- 
tury. 

In the United States the operators themselves influenced the design of this 
important tool of their profession, suggesting modifications for comfort and 
ease of operation. In 1848 the first change involved mainly the spring. In the 
original Vail key it was supposed to support the lever, but there was little 
resiliance and after some use it dropped the lever and the contacts closed. 
‘Three instrument makers, Thomas Hall of Boston, Hinde and Williams, also 
of Boston, and Charles Chubbuck of New York, made the first changes. Hall 
added weight to the lever at the rear and curved it down towards the table, 
‘mounting all components on a metal base with a much shorter spring. Chub- 
buck designed a heavy lever of solid brass, also curved, but eliminated the leaf 
spring and substituted a coil type, as proposed by Thomas Avery, at the rear of 
the lever. Hinde and Williams moved the leaf spring to the center of the key, 
thus placing less weight on it and giving better balance, and from these men we 
have the so-called ""Camelback"design which would last for twelve years 
(although the coil spring supplanted the original leaf spring). Also, during this 
decade, the brass contacts were replaced with either platinum, or silver, which 
was much more durable. 


While there were no further major physical changes in the telegraph key as 
such, by 1849 the need for a portable instrument to be used for field work out- 
side of the office led to the consolidation of both the key and sounder mounted 
ona single base. Known as a K.O.B. (key on base), they were first used not on- 
ly in operating but also as test instruments for a short time. By 1857 they were 
replaced as test sets by the small pocket relay, usually referred to as a 
"lineman's test set” by the trade. By the time of the Civil War both of these 
much more compact sets were adopted by the North and the South for military 
‘communications in the field. 


In 1860, just one year before the war, George M. Phelps, Chief Machinist of 
the newly organized Western Union Co., originated the idea of adding an ad- 
justing screw to vary the spring tension, giving a better match to the individual 
operator's needs. These lovely Phelps keys became the only instruments in the 
Western Union offices in this country and were used almost exclusively by 
Federal Military Telegraph operators throughout the Civil War. 

By the mid-1860's the era of the Camelbacks was coming to an end. Despite 
their very elegant construction and almost perfect balance they had one glaring 
fault, and that was the fulcrum, or trunnion. The lever was made of red brass 
while the trunnion was steel, and after much use the steel caused the softer red 
brass to wear and slide off center. Over a period of ten years there were many 
attempts to correct the problem. 


One of the first changes in the Camelbacks came in 1869 when the lever was 
smoothed into the present-day curve of the Bradley style, but still made of 
brass and still with the steel trunnion. In 1875 Western Electric introduced 
their Lewis Key, entirely nickel plated on an ornate base. 
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Fig. 2-9: 2, Thomas Hall Camelback, with curved lever and weight in the rear; 
3. G.M. Phelps Camelback with spring adjustment; 4. 1859-60 "Pocket 
Relay” as used by linemen to test wires; $. C.W. Lewis Key by Western Ele: 
tric—a shallower lever curve and separate trunnion; 6. 1851 Bunnell Steel 
Lever—hollow, oval frame with single, one-piece lever; 7. 1886 Steiner 
Key—Western Electric patent—strip spring and no trunnion; 8. 1883 Victor 
Key (Hamilton patent)—all brass w/one piece lever made for L.G. Tillotson 
Co. Advertised through 1920; 9. 1888 Bunnell Double Speed Key—with 
horizontal action to alleviate "'telegraphers' paralysis". Photos: 2, 3, 5, 6, 8, 
9—R.O. Williams; 4—Western Union Co.; 7—L.R. Moreau 
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Fig. 10-1 ‘entury Key" designed by Skirrow and 
Shirley, made by Foote Pierson Co., for operators with a “glass arm"; 11. ca 
1900 submarine cable key (alternating key) with 2 levers to utilize the full curve 
of the alternating current; 12. “Grasshopper Key” used by Marconi and Kemp 
in early wireless experiments; 13. 1905 Slaby-Arco key ("Door Knob 
Key"")—used with high-power spark transmitters. 
Photos: 10— Western Union Co.; 11 —National Museum of Canada, Ottowa; 
12— London Science Museum; 13—A.W.A. Museum 


In the meantime, others were still vainly trying to find the answer to stop the 
lever from slipping, but the trunnion remained a problem throughout the 
1870’, Then, in 1881, Jesse H. Bunnell startled the operators and the industry 
with the key design that solved the problem and has never been surpassed, 
when he gave us the well-known “Steel Lever” that the Bunnell Co. has since 
advertised as “The Triumph” 

By the following year it had been accepted by all the companies and all the 
railroads, since this design with the solid steel trunnion formed as a part of the 
lever was the answer to the puzzle. Most manufacturers followed suit. The 
Altoona shops of the Pennsylvania Railroad made some excellent keys of this 
design, while the L.G. Tillotson Co. came up with a variation of the single 
one-piece lever and trunnion in the Hamilton Patent of 1883. This was their 
“Victor Key” which employed a knife fitting for the solid trunnion. It was, 
and still is, an excellent instrument, and in fact, Bunnell was still producing the 
Victor key in 1920. 

‘Three years after the introduction of the Tillotson key, Western Electric 
followed with their "'Steiner Key", which, while it was acceptable, unfor- 
tunately required considerable skill to adjust the tension correctly 
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Fig. 14-17: 14. 1904 "'Oil-Break Key” with contacts in oil to control arcing, 
and with protective disc under knob; 15. 1905 American deForest 10-kW Navy 
key—l-inch, coin-silver contacts with brass cooling fins; 16. 1911-12 Marconi 
Co. heavy open-circuit key with closing switch; 17. 1915 U.S. Navy 35-ampere 
key with 14-inch silver contacts and brass cooling fin—slate base. 

Photos: 14, 17—L.R. Moreau; 15, 16—A.W.A. Museum 


Because from the beginning company policy throughout the industry per- 
mitted an operator to work with a key of his choice, many railroads still pro 
vided the straight lever key, while the Western Union shops in Ithaca con- 
tinued to manufacture camelbacks. These styles of keys continued in use right 
up to the turn of the century, although the steel lever - the fastest and most ef- 
ficient of the hand keys - was appearing as a replacement in more and more of- 
fices. The “Pole Changer" keys for Quadruplex or Duplex turned out 
thousands of words of copy daily. By 1900 the camelbacks were no longer 
advertised 

As the volume of telegraph traffic increased, the occupational hazard 
known as "'telegraphers' paralysis" began appearing more and more among 
the operators, and much thought was given to try to find means to alleviate or 
prevent the crippling problem. In 1886 two telegraphers, A.J. Maloney and 
A.G. Johnson, produced a “Convertible Key” as they termed it, by which the 
vertical action of the key could be changed to a horizontal movement by turn- 
ing the straight lever and locking it into position. Following this, in 1888 Bun. 
nell announced an improved model, known today as the "'Sideswiper"", and 
advertised by them as the “Double Speed Key". This key was instantly 
popular with those suffering with the telegraphers' affliction. 


The year 1900 opened with the introduction by the Foote Pierson Co. of 
Skirrow and Shirley's*"Twentieth-Century Key.” This was promptly nicknam- 
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ed the ‘pump handle’ and became quite popular with the B & O operators. 

In 1902, Charles Yetman, a millionaire with some forward thinking ideas, 
was inspired by the typewriter that had begun to be used in offices. Using its 
principles, he devised and patented the Yetman transmitter which enabled the 
operator to type Morse characters on a wire. For two significant reasons it was 
not well received by the telegraph fraternity. First, the telegrapher had to know 
how to type with a steady, even touch to be able to maintain smooth transmis- 
sion, and second, while a typist could transmit, a professional telegrapher was 
still needed at the receiving office to read the sounder. 

By this time there was an even greater need for higher sending speeds. A 
code of abbreviations, known as the “Phillips Code”, standarized by Walter 
Phillips in 1879, had cut transmitting time by one-third, so that it was possible 
for a single operator to clear from ten to eighteen thousand words in a single 
duty shift, While the operators could, and did, handle those mountainous 
loads of traffic each day, it became increasingly obvious that an improved, 
higher-speed, easily operated key was required, 

There had been attempts at developing types of vibrating keys as early as the 
1870's, but because of little or no provisions for damping in their construction, 
the kings of the wire who were so proud of their ability to clear thousands of 
words in a day would have nothing to do with them, and condemned them all 
as “fit-only-for-a-bug-to-use”, or "'sounds-like-a-bug." By way of explana- 
tion, at the end of the 19th century the word “bug” was used by the profession 
to describe poor operators who interfered, were ‘rotten’ senders, or who broke 
with infuriating frequency. And because the attempts at developing speed keys 
were so ineffective, and reminded the outspoken, crack operators of the lousy 
‘plugs’, another derogatory term, they condemned all such keys as “bugs”, 
and the name stuck, 

In 1902, the same year that Charles Yetman received his patent, a Western 
Union telegrapher, Horace G. Martin, applied for a patent for a speed key that 
became the archetype of all semiautomatic keys. The “‘Autoplex", as it was 
called, used a pair of dry batteries to activate two coils or magnets which held 
the pendulum stationary for the manually-created dashes, but then released it 
to make the automatic dots. 

With this patent Martin literally slammed the door on everyone else. In the 
eight pages of drawings and specifications for the first attempt at a 
semiautomatic key, he included almost all possible methods of creating dots 
automatically and dashes manually, Thus he virtually had the field to himself, 
as would-be competitors were soon to learn. 

Two years later, in 1904, Martin introduced his “‘Vibroplex’’, an original 
design that has never been surpassed and has been copied by every company 
that has manufactured speed keys. The “Original” was so perfectly designed 
that there has been only one significant change in the past eighty years. In 1906 
the dot contact on the pendulum was modified to the familiar “U” type 
mounting. Otherwise there has been no reason to change any of the original 
design. 

1n 1906 William Coffe designed one of the few keys, the “Mecograph”, that 


ul 


eei 


Fig. 18-25: 18. 1910 radio amateur “Dime Key"; 19. 1915 Clapp-Eastham 
“Boston Key" with marble base and german-silver-plated working parts; 20. 
1916/1917 Signal Electric rectangular brass key w/} 
JA"-contacts; 21. 1920 Homemade ""sideswiper"" spark key with V 
22. 1902 Yetman keyboard transmitter; 23. 1903 '*Autoplex"" by H. 
His Ist semiautomatic, powered by 2 batteries; 24. 1904 Vibroplex ‘Original 
prototype by Martin; 25. 1907 "Mecograph" by Benjamin Bellows—the 
“right-angle bug". 

Photos: 18, 20, 21, 22, 23, 24—L.R. Moreau; 19, 25—R.O. Williams 


25 


"2 


were able to compete with the Martin patents. His vertical style was revised the 
following year by Benjamin Bellows and Ambrose Behner into the more 
recognizable horizontal form that the telegraphers promptly nicknamed ‘the 
right-angle bug’, because of the position of the thumb and fingerpieces in rela- 
tion to the pendulm. In 1909 Bellows changed the layout for a more easily ad- 
justed dot speed. The right angle position and the spring action were the main 
reasons that they were able to bypass the Martin patent, since Mecograph 
operates on a release of spring tension, while the Vibroplex uses the creation of 
tension. Thus the Mecograph Co. remained in business as a competitor. 


The only other competition in the field of semiautomatic keys arrived in 
1909 when the Hulit Co. of Topeka, Kansas, introduced the "'Hulit Trans- 
mitter”, two completely separate keying units housed in a metal case. As with 
the others, the dashes were manual, while the automatic dots were governed by 
a key-wound spring that required rewinding by the operator when it ran down. 
Because of this the Hulit was not popular as compared with the instant and 
continuous fast action of the Vibroplex and the Mecograph, and by 1912 it was 
no longer on the market, 


Although semiautomatic keys were born at the same time that radio ap- 
peared as a communications medium, they were designed solely for landline 
use. A few radio operators experimented with their use, but the high current- 
handling requirements of the spark transmitters required that a keying relay be 
used, and the receiving equipment had trouble following the strings of fast 
dots. Keys had to change radically to accomodate the more powerful system 
involving much higher currents. 


In 1896 Marconi initially had used the so-called “Grasshopper Key"’, which 
automatically cut out the receiver to prevent its being disabled by the trans- 
mitter. As the transmitters became more powerful, the keys and the contacts 
became larger and heavier. Safeguards had to be added. The Walter Massie 
Co., for example, produced one of the largest of these with an all-cast brass 
lever, a slate base, and a brass cooling surface. This monster key weighed some 
eighteen pounds. 


Others, such as the American deForest keys, had contacts that ran to one 
inch in diameter for a ten-kW transmitter, while the United Wireless instrument 
had long curved levers mounted on marble or slate bases. Another safeguard 
was the flat disc under the knob which was inserted to protect the operator's 
fingers from touching the metal lever, which was alive with high voltage. This 
device, incorrectly known as a "Navy Knob"', should more correctly be termed 
a ‘skirted knob’. In many of the large coastal stations with extremely high 
power the transmitter was keyed through a "Relay Key", and many of the 
Navy keys had half-inch contacts, rated to handle current as high as thirty-five 
amperes. 

Almost simultaneously with the advent of commercial radio communica- 
tions the amateur radio operators entered the picture. Joe Hamm could not af- 
ford the big commercially manufactured keys, so, as with most of the rest of 
his equipment, he built his own by soldering dimes onto a telegraph key and 
‘mounting it on a slate or a thick wooden base. Other hams scrounged bits of 
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Fig. 26-33: 26. 1909 “Hulit Transmitter"—dots created by a key-wound 
spring; 27. 1911 Martin two-lever Vibroplex—the 2nd Vibroplex; 28. 1912 “X 
Model” Vibroplex—Martin's 3rd design, using a single contact for both dots 
and dashes; 29. 1914 Vibroplex "Number Four"—Marün's half-size 
automatic, later called “The Blue Racer"; 30. 1909 Thomas J. Dunn Co. 
“Dunduplex”; 31. 1914 A-to-Z Novelty Co. "bootleg bug”, sold as “The Im- 
proved Vibroplex”; 32. 1914 “Albright License" brass plate affixed to a 
“bootleg bug”; 33. 1917 Vibroplex “Upright”, Martin’s Sth patent—the 
“Wire Chief's Key”. Photo: 26, 30—L.R. Moreau; 27, 28, 29, 31, 33—R.O. 

Williams; 32—C.S. Moore 
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wood, some brass hardware, a knob from a dresser drawer, and used nuts and 
bolts for contacts. Such ‘home-brew’ keys sometimes worked well enough for 
the ideas to be described in the newly appearing wireless magazines. 

As spark transmitter design developed, the necessity for the large, heavy- 
current keys declined, with the result that in 1915 Clapp-Eastham introduced a 
new key for the radio amateur and the private yacht trade. This was the so- 
called “Boston Key" with a marble base and german-silver-plated working 
parts, and every amateur yearned to own one. This ‘dream key’ cost $15.00, 
but there were other marble-base keys such as the RECO which cost a lot less, 
and while not of the ‘status’ as the "Boston", were just as attractive and much 
more affordable. Also, the Bunnell Co. began making keys with replacable 
contacts for spark transmitters; these were available to amateurs, and the 
design was picked up and copied by the Signal Electric Co. Eventually, in the 
1930's, it became the Johnson hand key. 

Radio operators quickly discovered that the ‘glass arm" was not limited to 
the telegraph, and the ‘sideswipers’ were adapted for spark transmitter use by 
adding larger contacts. By 1920 there was the ""Cootie" key, a Bunnell 
horizontal key, Montgomery Ward keys, and even a Sears and Roebuck key. 
However, when CW was introduced in the early 1920's there was no longer any 
need for the heavy, cumbersome spark keys, and at last the lighter, speedier 
telegraph instruments, including the speed keys and the semiautomatics, could 
be used in wireless communication. 

In 1911 Martin had adapted the Hulit dual-lever idea for his “Double 
Lever" Vibroplex. It prevented any possibility of ‘split dots’, a problem he 
was determined to solve. The following year he had another idea and created 
the "X Model”, which used the same single contact for dots as well as for the 
dashes, with a stop that caught and held the pendulum stationary while the 
dashes were being made. 


In 1914, the need for a smaller key which could be easily carried to sports 
events or conventions brought the half-size ‘*Vibroplex Number Four” into 
being. Later called the “Blue Racer”, it became a familiar sight on news desks 
everywhere. 


After the death of Benjamin Bellows in 1913, Martin picked up the 
Mecograph patents and by 1914 was advertising his company as ““The Martin 
Vibroplex and Mecograph Company". J.E. Albright was listed as the sole 
agent for Vibroplex. Martin by then was "king-of-the-hill', had no competi- 
tion, and had, he thought, literally cornered the market. 

But there was competition. There was nothing difficult about making one of 
these keys, and homemade models abounded as did those from the mushroom- 
ing commercial manufacturers, for here was a potential market that showed 
signs of a golden harvest. One of those who tried to profit from the new 
technology, as early as 1909, was the Thomas J. Dunn Co. with its “Dun- 
duplex”. This key provided hand-sent semiautomatic capability at the top of 
the bridge, with standard horizontal operation below. There were others such 
as the "'Vail-O-Graph"", the “Double Lever Key” of the William MacDonald 
Co., designs from the Mt. Auburn Specialty Co., and versions of the 
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Fig. 34-41: 34. 1923 Vibroplex "Number Six". In the 1930's known as the 
"Lightning Bug". Model for the Signal Corps J-36 key; 35. 1922 Lytle 
""Triplex"—can be operated three ways; 36. 1925 J.H. Bunnell Co. "Gold 
Bug"; 37. 1925 "Ultimate" miniature bug; 38. 1926-27 Signal Electric 
"Sematic"—combination sideswiper/semiautomatic; 39. 1940 Bunnell- 
Martin “Flash Key"; 40. 1929 Les Logan Co. “SpeedX”; 41. 1951 “Go. 
Devil"', originally designed in 1931 

Photos: 34, 35, 39, 41—R.O. Williams; 36, 37, 38, 40—L.R. Moreau 
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semiautomatic from O.J. Thomas. 


These ‘bootleg bugs’ became a problem when Max Levy of the A-to-Z 
Novelty Co. introduced the most flagrant of all “Chinese copies’ in an attempt 
to buck the control of the market by Vibroplex. He advertised his key as the 
“Improved Vibroplex”’. It was almost an exact carbon copy, including the 
black japanned base with the gold carriage-style trim which was more or less 
an identity symbol of the Martin keys. 

For Martin, that was provocation enough and through Albright, his sole 
agent, he fought back in the courts. In so doing he confirmed the validity of 
the Vibroplex and the Martin patents, and established that the use of any in- 
fringing products was grounds for legal action. This convinced both the 
railroads and the major telegraph operating companies, with the result that no 
semiautomatic key except a Vibroplex was permitted to be used on their wires. 

Unfortunately for Vibroplex, many of these other keys were excellent in- 
struments and equal in performance. From the beginning of the telegraph in- 
dustry, company policy had always permitted the operator to use the key of his. 
choice, and the operators refused to give up this prerogative. The rule caused 
considerable resentment and almost led to an operators’ strike. 

‘The impasse was solved through a compromise. All ‘outlawed’ keys were to 
be tested, and if their performance was comparable to the Vibroplex, with 
clean characters, no split dots, and could meet the Western Union specifica- 
tions of eleven dots per second, the owner was permitted to purchase a brass 
plate that read, "THIS MACHINE NOT GUARANTEED, NOR MADE, 
BUT ONLY LICENSED BY J.E. ALBRIGHT”, followed by a serial number. 
The owner paid two dollars for the plate, attached it to his key, and the key 
then became ‘legal’. Such a key, with the license tag attached, was then known 
as either the “Legal Bug" or more often as the “Albright Bug". 


By 1917, the problem of severely crowded operating space was critical, par- 
ticularly for a wire chief, and Martin answered the need with “The Wire 
Chief's Key", also known as the "Upright Vibroplex"'. It was instantly renam- 
ed by the trade as the " Vertical Bug”. As with the “X Model”, this instrument 
used the single contact. Manufacture of both the Upright and the X Model was 
discontinued in 1925. 

Signal Corps requirements during World War 1 put a stop to commercial 
manufacturing for the duration, but afterwards production and development 
resumed. By the early 1920's the “bug” came into its own as cw displaced 
spark and the vast opportunities of radio were opened to the semiautomatics. 
With the relaxation of the Vibroplex monopoly, other speed keys began to ap- 
pear on the air and on the wires. In 1922 Walter Lytle of Philadelphia offered 
his “Triplex” which could be worked three ways, by rotating the circular disc 
on the bridge for either right or left-hand keying, or by locking it in the center 
for use as a straight key. J.H. Bunnell also advertised their “Gold Bug”, with 
a novel method of preventing split dots. 

By this time the profane definition of the word ‘bug’ had fallen into disuse, 
but the term remained with the telegraphers as the designation for a speed key. 
Vibroplex had already formalized it several years previously by registering it as 
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Fig. 42-46: 42. 1940 Telegraph Ap- 

paratus Co. "Speed Bug" which 

closely resembles the Logan Key; 43. 

Ted McElroy's “Mac Key” combina- 

- tion straight/semiautomatic; 44, 1929 

“Radio Speed Bug"—the Depression. 

Era kit key for under $5; 45. 1938-39 

Melehan “Valiant” fully automatic 

46 key; 46. 19505 "Dow Key" 
modernized Lytle Triplex. 

Photos; R.O. Williams 


one of their trademarks, with a stylized insect on the nameplate 

Then, in 1923, twenty years after the first semiautomatic key, Martin 
patented the best of all his speed keys, the great "Number Six’’. In the 1930's 
this was appropriately advertised as the “Lightning Bug.” 

Several other keys could be mentioned here. In 1925, one of the unusual 
designs was the “Ultimate,” popularly called the ‘miniature bug’, reminiscent 
of the Mecograph, but small enough to be carried in the pocket for use in 
remote operation. Another was the “Sematic” by Signal Electric, which could 
double as either a semiautomatic or a sideswiper. Still another, the "Keen 
Kode Key,” was different in that it used a keyboard for the dots and a hand 
key to manually create the dashes. Vibroplex also courted the amateur radio 
market by offering instruments with red, blue, green, black or nickle plated 
bases. In particular they offered the “Martin Junior”, with larger contacts for 
radio operation 

Toward the mid-1930's Martin left Vibroplex and organized the Martin 
Research and Manufacturing Co., producing the Martin “Flash Key." This 
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design was acquired by Bunnell in the 1940's and subsequently sold as the 
"'Bunnell-Martin Flash Key.” 

Also during the 1930's the Les Logan Co. originated the familiar line of 
"'SpecdX"" keys, including the often misnamed “Logan Bug." These were ac- 
quired by the E.F. Johnson Co. in the late 1940's, and "'SpeedX"' became 
synonomous with Johnson. 

Some other names: The "Go-Devil", another attempt at combining the 
sideswiper and semiautomatic as a single instrument. The “Speed Bug” by the 
Telegraph Apparatus Co. was an all-chrome plated key, reminiscent of the 
Logan. And this was also the time of the undisputed "Speed King", T.R. 
McElroy and his well-known "Mac Key”, which was popular for both com- 
mercial and amateur use. After his famous (and so far unbroken) record, he 
‘came out with the Deluxe model, the “Super Speed Stream” key, in both hand 
‘and semiautomatic versions. 

The only key ever sold in kit form, the “Radio Speed Bug", was priced at 
under five dollars. The “Electro Bug" had a switching device on the base to 
adjust the dot relay to operate with various current strengths. Then, at the end 
of the 1930's, came the key that was the realization of the dreams of the inven- 
tors back to Martin, one that sent dashes as well as dots automatically. This 
was Melvin E. Hansen's **Melehan Valiant”, but it was not too successful. 


World War II brought a stop to all production for other than military needs, 
and after the war ended only a few new items appeared. In addition, a newer 
style of the "Go Devil" and a modernized version of the Lytle Triplex known 
as the "Dow Key" were introduced. Finally, using the basics of semi- 
‘automatic keys and the old sideswipers, the instruments which activated the 
new electronic keyers emerged; and Charles Yetman's dream was finally realiz- 
ed in the modern keyboard instruments. 


CONCLUSION 


This paper has attempted to document the development of American 
telegraph keys. For almost one hundred years they were an important and i 
tegral part of the communication industries. The original “Correspondent 
never did pass out of the picture, since it stil exists in the present-day “strap 

tey” used by the police and fire services and the railroads. 

‘There is much more to be told if one includes the development of telegraph 
keys which occurred simultaneously in other countries. Germany's Siemans- 
Halske, and Baumeister; Italy's Milano; Ducretet et Roger of France, and Ihili 
of Norway should all be mentioned. There was also Halder, Siemans, the GPO 
in England, and many manufacturers in Japan. 

‘The story of the ‘key’ was a century-long, world-wide event, ranging from 
the closed-circuit instruments in the United States to the open-circuit systems 
of Europe and Asia. In the process of development, many men from many na- 
tionalties were represented; all were telegraphers seeking to provide faster and 
better communications. 
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THE PHILADELPHIA RADIO STORY 
THE FIRST FIFTY YEARS 


By Rexford M. Matlack, W3CFC 
Reeders, Pa. 


INTRODUCTION 


Something new and exciting happened in the carly 1900's, While it 
developed in many parts of the world, it flourished especially in the vicinity of 
Philadelphia, Pa. Its name was ‘wireless’, later ‘radio’, and in a short span of 
50 years it progressed from a new and doubtful form of communication, and 
an entrancing hobby, into a technology so important it changed the world. 

Why this particular geographic area became a hub of activity for the new 
technology is a good question. Perhaps because Philadelphia was the site of 
several outstanding colleges and the residence of men with exceptional talents. 
Also, as one of the original settlements, it had continued to grow into a major 
center of population and industry, and the new science was eagerly embraced 
and aggressively developed. The author was fortunate enough to be not only a 
native of the area but also to be professionally involved in radio work and to 
have witnessed much of the story. 


THE BEGINNINGS 


Although there was already a strong interest in the new science of radio 
communication, amateurs in the Philadelphia area did not organize until June 
20, 1910 when the Wireless Association of Pennsylvania was formed. Its pur- 
pose, according to the Association's printed statement, was “to look toward 
the protection of the amateur and to promote closer cooperation between ex- 
perimenters and students in the art of wireless communication for the purpose 
of improving the art and upholding the rights of its members.” The 1912 book 
of the organization listed 125 active members with their call letters, possibly 
the largest concentration of such people in the continental U.S. at the time. 
This was before the licensing of amateur radio stations by the government in 
June of 1913. Active operators chose their own call signs, and many used their 
s for station identification. 

Two years prior to this, however, the Philadelphia School of Wireless 
Telegraphy was established in 1908. The S$th anniversary brochure in 1963 
claimed it to have been the first school in the United States to teach wireless ex- 
clusively, and the first on the east coast to have had operational arc transmit- 
ter. This was a 2-kW Federal arc with a 1000-mile range, and was used in early 
1920 for tests with other radio schools in Boston, New York, and Baltimore. 
The school was issued two station licenses, 3YG for the long wave transmitter, 
and 3PW for the 200-meter amateur spark station. J.C. VanHorn, president 
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Chambers Rotary 
Spark Gaps 


Fig. 1. The ad in Vol. 1, No. 1 of 
QST, Dec., 1915, for the Chambers. 
Rotary Spark Gap. 


of the school, opened a retail radio store in a street-level room of one of the 
buildings in December, 1921. It specialized in Grebe apparatus, with the 
students serving as part-time clerks. The purpose of this, President VanHorn 
explained, was to give the young men experience by demonstrating the pro- 
ducts to prospective buyers. In short order this led to the addition to the cur- 
riculum of a course in radio receiver servicing. 

‘The school was eventually taken over in 1929 by the R.C.A. Institutes which 
had already established schools in New York and Baltimore. The equipment 
and classrooms were moved from the original Pine Street address to Chestnut 
Street. In 1933, the R.C.A. Institutes returned the school to the Pine Street ad- 
dress and its former president and owner, Joseph C. VanHorn. 


THE RADIO MANUFACTURERS 


The Frank B. Chambers Co. 

By 1914 there had developed a demand by amateurs for radio equipment, 
and one of the very early manufacturers of wireless apparatus in the 
Philadelphia arca was the family-owned company founded by Frank B. 
Chambers. Mr. Chambers, who had been a director of the Wireless Associa- 
tion of Pennsylvania since 1912, was a member of a special group of men, ex- 
perts in the field of amateur wireless telegraphy. 

By 1915 the Frank B. Chambers Co. was well established, and Vol. 1, No. 1 
of QST for 1915 carried a '4-page ad for the Chambers Rotary Gap.* Later, 
Wireless Age for March, 1917, carried the company's ad for a giant 32-inch 
long loose coupler with a circuit they had developed using a double-filament 


* The Museum of the Antique Wireless Association in East Bloomfield, N.Y. contains 
several pieces of early Chambers equipment, including a Chambers Rotary Gap. Some 
of this equipment still functions and is used for demonstration purposes. 
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New Undamped Wave Coupler, No. 749 


Special Introductory Price, $18.00 
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Fig. 2. The Chambers Co. ad in 
low frequency loose coupler. 


audiotron. The apparatus, which would tune up to 15,000 meters, was 
guaranteed to bring in long-distance, undamped-arc stations. The price, in- 
cluding a blueprint of the hookup, was $18.00. 

Chambers also manufactured for the Radio Apparatus Co. of the Parkway 
Building in the city an undamped panel receiver in a mahogany cabinet. For 
some years it was advertised in Wireless Age and QST. The ads stated that 
POZ Nauen and OUI Hanover, Germany, could be received daily on a 60-foot 
antenna. The sale of this receiver was prohibited during the months of WW I 
when all amateur activity was suspended. 

Through the early 1920's the Chambers Co. did a limited business in 
amateur low-power tube transmitters. Their experimental license, 3XC (later 
changed to W3XC), issued to their small plant at 6100 Market Street, was con- 
tinued until the end of 1929. 

In March, 1917, a month before the United States declared war on Ger- 
many, a bill was introduced in Congress which gave the government practical 
monopoly control of radio stations in the country, in peace as well as in time 
of war. The Army and Navy Departments thought that this bill was necessary 
for the safety of the country. Opponents said it would crush amateur en- 
thusiasm and be detrimental to commercial competition. Among those who 
appeared in Washington to speak against the bill were leading experimenters 
and manufacturers, including E.H. Armstrong from Columbia University, 
Professor A.E. Kennelly of Harvard, David Sarnoff, then the Commercial 
Manager of the Marconi Co., and Frank B. Chambers. 
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The Atwater Kent Manufacturing Co. 


Founded in 1902 by Arthur Atwater Kent, the Atwater Kent Manufacturing 
Company began by making automotive ignition systems. On the basis of key 
patents and quality products, the company prospered and grew. In 1919 AK. 
began to produce headphones and in due course diversified into a line of radio 
receiving components. The new line, because of the quality of craftsmanship 
in the products and the increasing demand for anything “radio”, was suc- 
cessful almost immediately. By 1923 they were manufacturing complete radio 
receivers. These were of a unique design, mounted on a mahogany board with 
the vacuum tubes and the beautifully molded components out in front. Sales 
flourished and the company became so successful that in 1925 a new plant, 
covering 11 acres, was built in the Germantown section of Philadelphia, The 
‘Atwater Kent Co., by then the world’s largest manufacturer of radio receivers, 
was outselling both Zenith and the Radio Corporation of America. 

‘The story of Atwater Kent and his company has been covered in Vol. 1 and 
II of the A. W.A. Review, and information of many of the fine products pro- 
duced by the company during its 34 years of existence can be found there. 
It should be noted that A. Atwater Kents’s personal philanthropies included a 
quarter-million dollar donation to the Franklin Museum and the underwriting 
of the expense in restoring the historic Betsy Ross House in the city. Kent also 
had a preference for Packard cars and owned them continuously for 20 years. 
He was often seen riding down Market Street, the department store row of the 
1920's, in one of the Packards from his extensive collection. They were easy to 
spot as each car carried a Pennsylvania prestige plate, numbered AK 1 to AK 
16. 

Confronted with labor problems, he terminated his company in 1936 and 
retired to California. 


Philco 

Another company which eventually controlled a large share of the radio 
receiver market began in the 1890's as a small firm turning out street lights. 
After some changes in ownership, the company emerged in 1906 as the 
Philadelphia Storage Battery Co. For the next twenty years their products were 
batteries, for both electric and gasoline automobiles.* 

By the early 1920's they badly needed another market. Exide and Willard, 
strong competitors, were supplying many automobile manufacturers with 
original equipment batteries. On the urging of Manager Jim Skinner, they 
began to supply batteries for home radio sets. The company found itself at the 
right place, at the right time, and with the right product. They marketed their 


* The first battery sale was in August, 1906, to a Dr. Woodward of Philadelphia for his 
Baker Electric vehicle. The battery remained in service for five years. The company also 
did a limited business in manufacturing batteries for mine locomotives. 
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Fig. 3. Early Chambers spark equipment consisting of loose coupler, 2-inch 
spark coil, and open-gap helix. About 1919. In collection of A.W.A. Museum. 
Photo: R.M. Matlack 


Fig. 14. Chambers rotary gap (about 1916) installed in %-kW spark demonstra- 
tion set. In collection of A.W.A. Museum. 


Photo: R.M. Matlack 
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Fig. 5. The first 
Philo radio, the 
1928 Model 511 AC 
neutrodyne with 
matching speaker. 
Photo: 

R.M. Matlack 


storage batteries with trickle charger units under the trade name of “Philco 
Socket Power”. 

Unlike many of the early manufacturers, Philco (now the name of the com- * 
pany) did not come out with home receivers until 1928 when they produced a 
broadcast receiver using a AC power supply and type 26-27 tubes. This first 
Philco radio, the Model 511, was a neutrodyne table set encased in a heavy 
steel cabinet with a matching external speaker. 

‘There were two reasons for Philco's success in the radio receiver business; 
one was that it already had an established dealer network (much like Atwater 
Kent) from the battery business. The other was due to the astute management 
of the plant by Jim Skinner, who chose the conservative route by using existing 
factory facilities for the new products. The first year they produced and sold 
96,000 radio sets, which was remarkable, considering that they did little more 
than assemble purchased parts. 

In 1929 Philco needed a large bank loan for expansion of the facilities to 
mect the increasing demand for products. Since the company was now in the 
radio field, the bank considered the loan to be of a high-risk type, and would 
grant it only if the three top officers turned over all of their personal holdings 
as security. This they did and their faith proved to be well-founded; by the end 
of 1929 they had sold 400,000 sets, and in March of 1930 the loan was repaid. 
Also in March, 1930, President Edward Davis became Chairman of the Board 
and was succeeded by Jim Skinner.* 


An important event in the history of the company occurred in 1930, when 
Philco brought out a small table radio called the Philco Baby Grand. This 


* Skinner was a thrifty man of Scotch ancestry. Typical of his management style was the 
board room in the factory building, which was furnished with a battered oak table 
picked up second-hand ten years previously- 
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“depression model" radio, which sold for under $70.00, pyramided sales to 
616,000 sets and gave Philco the number one position in numbers of radios 
sold. The following year they came up with another winner by jumping into 
the automobile receiver business, and by 1934 they were supplying radios for 
12 automotive manufacturers, including Chrysler, Ford, Nash, Reo, and 
Studebaker. 

During the 1930's Philco manufactured a broad line of radio receivers and 
became a household word as the company grew into a giant. Besides the well- 
known mass production models, some unique designs emerged. To mention 
just a few: 


1932 - A grandfather clock radio. 

1936 - A high-fidelity model with 20 tubes and three speakers with 
acoustical chambers, offered to the Christmas trade. 

1939 - The model 116R, a 13-tube all-wave receiver with a remote 
control unit. This was the top of the pre-war line. 


1940 saw Philco diversify when they bought the Fairbanks-Morse Co. to 
manufacture a line of refrigerators. In 1940, also, Philco stock went public; 
company president Jim Skinner disapproved and retired. 

During World War II the company was very active in producing radar com- 
ponents for the armed services, and soon after the war Philco was among the 
first to introduce a line of television sets, beginning with Model 48. Manage- 
ment had recognized early the future of TV, and had operated an experimental 
station, W3XE, from the mid-30's on. The station was operated commercially 
under the call letters WPTZ from 1945 to 1953 when it was sold. 


RCA 


During World War I the Victor Talking Machine Co., in collaboration with 
the Marconi Institute of New York, had made a set of six double-faced 
wireless code instruction records. These were widely used by all divisions of 
government and commercial services, The set of six, complete with the instruc- 
tion manual, sold for $5.00. In 1925 RCA had furnished to the Victor Talking 
Machine Company certain radio parts which were built into their radio-phono 
combination. At this time RCA was only a selling agency, and their com- 
ponents were manufactured by GE, Westinghouse, and Wireless Specialty of 
Boston. RCA badly needed its own manufacturing plant, and in 1927 entered 
into negotiations for the purchase of the Victor Talking Machine Co. 

By 1929, due to the phenomenal growth of radio broadcasting, the Victor 
Co. sales had diminished to the point that the RCA offer was accepted and the. 
purchase was completed. With the sale was included the famous Victor Dog 
“Nipper” trade-mark, and the new manufacturing company became the RCA 
Victor Co. 

In 1935 a merger of RCA tube and equipment manufacturing facilities was 
completed, and the manufacturing plant in Camden, N.J., across the river 
from Philadelphia, became the headquarters of the RCA Manufacturing Co. 
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Located on the site of the old Victor Talking Machine Co., by 1938 it had 
grown into a 100 million dollar corporation. 

In April, 1939, after intensive engineering R & D, RCA introduced the first 
public television service at the New York World's Fair. During the summer of 
1939 programs from NBC, their broadcasting subsidiary, were beamed from 
the top of the Empire State Building and received by the few owners of the first 
receivers, manufactured at Camden and sold in the New York City and 
Philadelphia areas. World War II brought thc development of this promising. 
new industry to an abrupt halt, and the RCA plant turned its resources to sup- 
plying thousands of receivers and transmitters to the armed services. A few 
months after the end of the war in 1945, RCA began producing TV receivers. 
More research resulted in increased sales and in the establishment of excellent 
studio, video and transmitting equipment. Eventually RCA became one of the 
largest TV manufacturers in the United States. 

In 1952 one of the first UHF television stations using RCA equipment, 
WFPG Channel 46, was established in Atlantic City. The transmitter was close 
to RCA's transmitter engineering facilities, and during the following 18 months 
WFPG served as the guinea pig for the modification and improvement of UHF 
television, 

Surprisingly, despite all of the engineering research and development, RCA 
had not designed or manufactured roof-top antennas for home installation. It 
became the good fortune of smaller companies to reap the benefits from this 
neglected market. 


Barker and Williamson 


This company was started in 1934, in the depths of the depression, by two 
Philadelphia amateurs with a long-standing interest in radio. Their first sale 
was a 100-watt radiotelephone transmitter to a customer in Hawaii, which 
resulted from a small ad placed in QST a few months previously. From this 
beginning they began to manufacture amateur transmitting coils, which were 
at first sold to supply houses within a hundred mile radius. 

The original factory was a small portion of a carpet yarn mill belonging to a 
family member. The first large order, $50,000, came late in 1941, a few days 
after Pearl Harbor, from the Hallicrafter Co. of Chicago, who used the coils 
in the BC610 transmitters for the U.S. Army Signal Corps. By the end of the 
war Barker and Williamson had won the Army and Navy “E” for Excellence 
‘Award for their wartime efforts. 

In 1946 the growing company moved to larger facilities in Bristol, Pa. They 
were sold in 1964, and at this writing are still in operation. 


AREA WIRELESS STATIONS 


Behind the radio and television stations now operating from the 
Philadelphia area live the ghosts of the early spark stations that helped usher 
the mid-Atlantic states into the radio age. Included among them were: 


John Wanamaker's Philadelphia department store roof-top 
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station WHE, using Marconi 5-kW equipment. It was in daily com- 
munication with its corresponding installation, WHI, at 
Wanamaker's New York store. David Sarnoff, later to become 
president of RCA, was manager and operator of WHI at the time. 

The University of Pennsylvania amateur station using call letters 
UP. This was a 1-kW spark set located in the electrical engineering 
building on the campus. 

The stations of the American Wireless Telegraph Co., erected as 
early as 1903 across the sandy flatlands of southern New Jersey at 
Altantic City and Cape May, about 50 miles apart. These installa- 
tions were used for experimentation with a new system of tuning 
and detection, directed by the famous Dr. Greenleaf Whittier 
Pickard. From these experiments the crystal detector was 
perfected. (The American Wireless Telegraph Co. later became a 
part of the United Wireless Telegraph Co., the owner of 27 land 
stations, including one in Philadelphia.) 


‘The American deForest Wireless Telegraph Co. Station AX, in- 
stalled in 1907 on the Atlantic City Million Dollar Pier. Station AX 
made headlines on October 15, 1910 when it was in communic: 
with Professor Walter Wellman’s ill-fated flight of the dirigible 
America in its attempt to fly across the Atlantic. This was the first 
time contact had been made from an airship to a land station. 


Because of the limited range of the existing equipment and the rivalry 
among the wireless operating companies, stations were located close together 
along the Atlantic coast. By 1915 the Marconi interests had taken over the old 
United Wireless Station WCY at Cape May and had installed an entirely new 
plant. Until our entrance in World War 1 in 1917, they sent Press for coastal 
shipping nightly at 10:30 on a wave length of 550 meters. 


PHILADELPHIA BROADCAST STATIONS 


After the war a flurry of broadcast stations emerged; the two listed in the 
Call Book for 1923 for Philadelphia were WOO and WIP. WOO, the 
Wanamaker Store station, 500 watts with Western Electric equipment, 
presented daily organ concerts from the Grand Concourse at the store. Many 
older area residents may recall the unique manner in which the station an- 
nouncer drew out the W-O-O call letters 

WIP, at the Gimbel Bros. Department Store, was a similarly equipped sta- 
tion. Every weekday evening WIP presented an unusual childrens’ program 
hosted by a staff announcer using the name “Uncle Wip”. His popularity in- 
creased so much over the years that he often appeared with Santa in the annual 
Christmas parade. WIP shared broadcast time with WOO until the latter ceas- 
ed operation in 1926. 

‘Two other established Philadelphia department stores soon followed with 
their own 500-watt stations. WFI was owned by Strawbridge and Clothier and 
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Fig. 6. Station 3YG at the Philadelphia School of Wireless, reproduced from 
QST for Dec., 1920. Shown is the 2-kW Federal Poulsen, Model Q arc 
transmitter, for use on the higher frequencies, generally 2000 and 2700 meters. 
On the wall below the tuning inductances is a motorized chopper, used for 
ICW below 700 meters 


WLIT by Lit Brothers. These later combined to become WFIL and moved to a 
new frequency at the top of the AM dial. 

Each of these early store stations used two steel antenna towers on the roof 
of the store building, with a 4-wire “L” or “T” aerial between. Directly under 
the antenna was a small room erected to house the operator and the equip- 
ment. Two or more studios were generally made from converted office space 
on one of the upper floors. 


Two broadcasting stations which were individually owned and financed 
were WGL, licensed to Thomas Howlett of Philadelphia, and WQAA of 
Parkesburg, Pa., owned and operated by Horace Beale of amateur-3Z0 fame. 
This was one of the first broadcasting stations in eastern Pennsylvania. 


By the beginning of World War II most of the above were history. However, 
WCAU, which started as a tiny 100-watter, ended up as a 50,000-watt CBS key 
station, while WIP became a 5000-watt full-time independent. 


ATLANTIC CITY BROADCAST STATIONS 


Due to the 60-minute service between Philadelphia and the seashore provid- 
ed by the Pennsylvania Railroad’s crack “Boardwalk Flyer", and the 
availability of fine beachfront hotels, Atlantic City became the summer 
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Fig. 7. Philco’s 6-volt radio “A” battery showing the 
Grid" construction which they claimed gave longer 
Photo: Philco Corp. 


1A 500-watt broadcast transmit- 
ter, about 1923, as used by stations WOO and WIP. 
Photo: Western Electric Co. 
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Fig. 9. The Master Control room at station WPG in Convention Hall, Atlantic 
City, 1928. All equipment is by Western Electric. 
Photo: Earl Godfrey estate 


bedroom of many well-to-do Philadelphia families. The resort town also 
attracted professional musicians and Broadway shows, which opened there in 
summer theatre. The first area broadcast stations were: 


WHAR, which started in 1923 in the Seaside Hotel. It had the 
honor of being Atlantic City's pioneer broadcast station. 

WPG, termed the "World's Playground Station", followed 
WHAR. It was owned by the city of Atlantic City and operated by 
the Columbia Broadcasting System, with studios on the Steel Pier 
and later in Convention Hall. (The latter location also housed the 
mammoth six-manual pipe organ, which in 1928 was reputed to be 
the largest in the United States.) The station officially went on the 
air Jan. 1, 1924, using a Western Electric 500-watt transmitter on 
WHAR's old wave length of 1000 kc. The antenna was two 
165-foot towers with the then-conventional four-wire “T” con- 
figuration. 


WPG spawned many top radio personalities, among whom were John Reed 
King and Norman Brokenshire, whose familiar “How do you do, ladies and 
gentlemen, how do you do?", was well known. An early member of the staff 
was Ethel Rattay, one of the first women announcers to have her own daily 
program. In 1927 WPG moved into the super-power class of broadcast stations 
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Fig. 10. The ‘composite’ broadcast transmitter at station WQAA in 
Parkesburg, Pa., 1922, Taken from the 1922-23 Yearbook of the Chester 
County Radio Association 


with the purchase of a new type, 5000-watt Western Electric transmitter with a 
clear-channel frequency of 1100 ke. Due to the over-water transmission of the 
signals, many letters were received from listeners in England, Canada and 
Cuba reporting their reception and enjoyment of the programs, especially 
those of the big-name bands playing for dancers in the Steel Pier’s Marine 
Ballroom. One grateful listener even sent three phonograph recordings of the 
broadcasts 


WPG was phased out on New Year's Eve, Dec. 31, 1939. There are still 
some who remember the voice of Norman Reed, chief announcer, as he sign- 
ed: “This is WPG, the radio voice of Atlantic City, Bagdad-by-the-Sea.”” 

WBAB went on the air in January, 1940 following the demise of WPG in 
December of 1939. These two stations, both CBS affiliates, originated many 
famous broadcasts, including nationally known dance bands and the Miss 
America Beauty Pageant from Convention Hall. 

One of the author's memories of those early days is of R. Y. Cadmus, a well 
known inspector of the third call area at that time, who was usually accom- 
panied by George Sterling, later to become FCC Commissioner. They always 
drove on their inspection trips to Philadelphia and outlying areas as the test 
equipment, with the batteries, weighed several hundred pounds. When this car 
with its two eight-foot steel poles supporting the distinctive four-wire antenna 
and a front plate reading “Radio Inspector, Dept. of Commerce" drew up in 
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Fig. 11. “The radio sleuth on 
the trail.” Hudson touring car 
of Lt. R.Y. "Daddy" Cadmus 
with miniature 4-wire aerial 
Photo: 

Popular Radio, May, 1923 


front, it was obvious that Someone Important had arrived, and butterflies 
disturbed the stomachs of many a neophyte operator whose station was about. 
to be visited. The inspection tours often ended at WHAR on the Seaside Hotel, 
where they were guests of Colonel Harrison Cook, the general manager. 

In 1926 the area lost two of its early stations. The owners of Seaside Hotel 
terminated WHAR because, as Colonel Cook stated to local newspapers, they 
felt broadcasting had no future and was only a temporary novelty. WQAA in 
Parkesburg, Pa. suffered a similar fate. It was owned by Horace A. Beale, a 
millionaire iron company executive who died in 1926. His heirs, whose feelings 
evidently matched those of the Cook family, closed out the station and sold 
the equipment. Had the licenses been retained and the stations continued in 
operation, they could have developed into million-dollar properties. 


CONCLUSION 


A salute to the men who helped develop ‘radio’ in the Philadelphia area. 
Among those who achieved local recognition were: 


Frank B. Chambers, pioneer designer and manufacturer of 
wireless gear. 


L.C. VanHorn, naval radio World War 1, President of the 
Philadelphia School of Wireless. 


Thomas Appleby, naval radio World Wars I and II. He organ- 
ized and directed the installation of the first 33 Atlantic coast naval 
direction finding stations. Between naval services he was a patent 
attorney with offices in Philadelphia and Washington, D.C. 
Among his clients was the Atwater Kent Manufacturing Co. 

Horace A. Beale, Director ARRL, owner and operator 3Z0, 
3XW, and WQAA. 

Earl Godfrey, naval radio WW I, Chief Engineer WHAR, WPG, 
WBAB. He designed and built WHAR. 
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Fig. 12. A. Atwater Kent testing the AC set to be given to Gifford Pinchot, 
Governor of Pennsylvania, 1928. The gold-plated keystone state symbol 
on the front of the receiver is embossed with the governor'sname and the 
date. 


Photo: Frank Atlee estate 
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Arthur Atwater Kent, radio receiver manufacturer. 
Jack mson, radio parts manufacturer. 
James Skinner, President of Philco Corporation. 


With few exceptions, the old manufacturing plants are closed, the antennas 
of pioneer stations are down, and the remarkable men who dreamt the dreams 
and designed and produced the early radios are gone. But history records and 
preserves it all in the telling. 
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